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PREFACE 
Functional morphology is the study of the relationship 
between form and function. This aspect was sadly neglected in the 
study of fossil invertebrates until relatively recently, when Rudwick 
(e.g. 1964) emphasised the importance of such investigations. One 
reason for this may have been the unpopularity of functional or 
behavioural studies amongst the comparative anatomists of the last 
century, which also saw · the heyday of palaeontology. In this century, 
the interest in, and importance of, the functional aspect of form has 
been rediscovered and, in the study of arthropods, the works of Hanton 
(1950 to 1979) are an outstanding example of the success of comparative 
functional morphological investigations. One aim of this dissertation 
is to show that Manton's method is also applicable to fossil arthropods, 
if sufficiently well preserved. 
The dissertation is composed of three sections. Section I 
is a review of previous work on eurypterids (Chapter 1) and their 
palaeoecology (Chapter 2). Section II may be entitled "Form" as it is a 
redescription, involving also some new data, of the prosoma of 
Baltoeurypterus. Some functional aspects (e.g. Chapter 5 and Chapter 8) 
are included in Section II, mainly because they follow directly from 
observations in the same or previous chapters and are unrelated to the 
main theme of Section III. Section III may be entitled "Function" as it 
is an attempt to explain the morphology described in Section II in terms 
of its function. 
Unless stated otherwise, all references to Holm rel a t e 
to his 1898 monograph . An i ntimate knowledge of t his work is not 
assumed, but page references are given wherever Holm's description 
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requires no supplementation. Baltoeurypterus tetragonophthalmus 
(Eurypterus fischeri) is abbreviated (somewhat) to Ba.ltoeurypterus, a 
monospecific genus until the appearance of Kjellesvig-Waering (1979). 
In general, a reference to the morphology or biology of Limulus could 
equally apply to the other three extant xiphosurans, unless they are 
specifically referred to separately. The extant xiphosurans are 
Limulus nolyphemus (found in North America.), Carcinoscornious 
rotundicauda., Tachypleus tridentatus and 1'.,. gigas (all Asian). A key 
to the species of living king crabs is given in Waterman (1958) and 
further notes on the asian species may be found in Smedley (1929, 1931). 
Except in a few cases, the effects of ontogenic growth have been ignored. 
Most of the specimens studied were fairly mature, and only where instar 
differences were noticeable are these mentioned. 
The specimens were studied with the aid of a Wild E7A 
binocular microscope and, in a few cases, using a Cambridge Stereoscan 
600 scanning electron microscope. All the drawings opposite plates 
(except Fig. 2) were made using a camera-lucida attachment to the Wild. 
These, and figures in the text, are numbered in the same sequence and 
referred to in the text as Figures. Host of the photographs were taken 
with a Leica camera mounted on the Wild by means of a photo-tube. Some 
were taken with a Praktica camera on the Wild, and some with a Pra.ktica 
and Vivitar macro lens. A few photographs were taken using an Orthomat 
photomicroscope and a few with a Leica mounted on Aristophot macro 
bellows. The colour photograph is a print from a Kodak Ektachrome slide: 
for the monochromes, Kodak Panatomic-X film, and occasionally Ilford FP4. 
was used. The plate figures are referred to as Plate figures, thus 
distinguishing them from the drawings (Figures). Magnifications of 
Plate figures are given in the Plate legends. Figure magnifications are 
given as solid black bars which indicate 1 mm unless otherwise stated . 
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Those on diagrammatic figures are approximate. 
Abbreviations and shading are explained on the fold-out sheet at the 
back of the dissertation. 
Some of the specimens are mounted dry and others are 
in Canada balsam. · Both types of specimen have generally been 
photographed in incident light on a white background. Transmitted 
light was normally found to produce too contrasty prints. The 
appendix gives the specimen numbers, the mounting medium (dry or balsam) 
and provenance of the specimen (Gotland or Saaremma). Note that a 
slide with a single specimen number may contain a number of different 
podomeres. 
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SUMMARY 
The prosomal morphology of the eurypterid Baltoeurypterus 
tetragonouhthalmus (Fischer) from the Silurian of the Baltic region of 
Europe, is redescribed, using material prepared by Holm for his 1898 
monograph and his later (unpublished) work, in the light of modern ideas 
on arthropod biomechanics. 
After an historical review of eurypterid research, the 
taphonomy and mode of preservation of Baltoeurvpterus, and the associated 
fauna and sedimentology of the rocks in which it is preserved, are 
discussed. 
Each prosomal organ is described in turn, and photographic 
plates, camera-lucida drawings and exploded reconstructions are used to 
portray the morphology. Hew interpretations are given for the shape of 
the carapace, the functions of the eyes and metastoma and the origin of 
the endostoma. The labrum and new sexual characteristics are described 
for the first time. Sexual dimorphism in the eurypterids is discussed. 
The probable modes of action of eurypt°erid chelicerae 
are elucidated, using measurements of mechanical advantage and 
comparisons with modern arthropod chelae. 
The limb joints are described in detail and, for the 
first. time for a fossil arthropod, joint diagrams are presented~ These 
provide clues not only to the probable musculature , mechanics and hence 
function of the limb , but also to the phylogenetic relationships of the 
eurypterid. 
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Limbs II to IV of Baltoeurypterue bore movable spines. 
These limbs were used for prey capture and transport to the oral 
cavity. Limb V was specialised for walking and steerine during 
swimming. Limb VI was used for swimming. 
The Baltoeur-y:pterus limb represents an advance towards 
the arachnid leg with a post-coxal axis of swing whilst retaining a 
mobile coxa for food mastication. The swimming limb bears highly 
specialised joints for rotation and flexure of the propulsive blade 
during rowing. It is the earliest development of such a locomotory 
system and parallels rowing systems in modern arthropods. 
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SECTION I 
Chapter 1 . 
. BACKGROUND 
a) INTRODUCTION 
In this restudy of Baltoeurypterus. following the 
magnificent work by Holm (1898), the aim has not been to question 
or contradict Holm's observations, but to redescribe the morphology 
of the animal from a functional standpoint and in the light of 
more recent work on modern arthropod mechanisms, e.g. that of 
. Manton ( 1950-1979). Whilst the present work adds to our knowledge 
of the mode of life of eurypterids, it is also highly relevent to 
the study of the rela.tionships amongst Palaeozoic arthropods. 
Manton (1977, p. 449) stated: "We have much more detailed 
knowledge of the correlations between structure and function in the 
Uniramia and Crustacea than in the Chelicerata." It is hoped that 
the present offering will help to fill that gap. 
b) HISTORICAL REVIEW 
In 1818, Mitchill described and figured a new 
fossil from Silurian rocks of New York which he considered to be 
the remains of a catfish (Silurus). De Kay (1825) recognised the 
fossil was an arthropod and named it Eurypterus remipes. This was 
the first eurypterid recorded. In 1B34, Harlan described a second 
species, Eurypterus lacustris , also from the Silurian rocks of 
New York, and two years later, Hibbert (1836) named the first 
H i b b er- t- o pt'er~.s 
British eurypterid Eurypterus (now C.a,Hrpvloevrnh~) scouleri ~vhich 
had been described by Scouler (1831) as "Eidothea". 
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A third species of Eurypterus was described from 
Podolia by Fischer de Waldheim in 1839 and named Eurypterus (now 
Baltoeurypterus) tetragonophthalmus on account of the fossil having 
square eyes (an artefact caused by compression - the eyes were in 
fact reniform in life) • The eurypterid faw1a from Saaremaa 
·rr 
(Osel) , Estonia, was described by Schrenk in 1852 but only reported 
by him in 1854, after Eichwald had, probably unaware of Schrenk's 
discovery, also described eurypterids from the locality at Viita 
on Saaremaa (Eichwald, 1854). Both Eichwald and Schrenk referred 
the fossils to Eurypterus remipes. After several more authors 
(listed in Kjellesvig-Waering, 1958) had also used the specific 
name remipes for the Baltic Eurypterus, Eichwald (1857) realised 
this form was identical to Fischer' s g;,. tetragononhthalrrns, but, 
realising that Fischer . had incorrectly interpreted the shape of the 
lateral eyes, he renamed it~. fischeri. This latter name remained 
in the literature until Kjellesvig-Waering (1958) made it a 
subspecies (tetragonophthal~us) of _g;_. remip~~ and finally it was 
given the new generic name of Baltoeurypterus by St~rmer in 1973. 
In 1858 Nieszkowski published the first detailed 
description of Baltoeurvnterus under the title of De Euryptero 
Remipede and the following year (1859) this appeared in German. 
In 1859 two more classic eurypterid works appeared, Huxley and 
Salter's monograph. On the genus Pterygotus and Hall's detailed 
descriptions of the New York eurypterid faunas. Both Hall and 
Nieszkowski (the latter .on the advice of Agassiz) compared the 
eurypterids to Lirmlus, whilst Huxley and Salter, and later 
Woodward ( 1866-1878) in his classic Mono,?"ranh of the British 
Crustacea of the Order Merostomata, remained adherent to the idea 
of a crustacean relationship of the eurypterids . 
2 
Nieszkowski' s ( 1859) work had been done under t:1e 
supervision of .Schmidt who, in 1883, published his own detailed 
analysis of Baltoeurypterus and other merostomes from Saaremaa. 
Schmidt's ( 1883) work was used, in t.lrn, as a basis for Holm's 
investigation, which culminated in his 1898 Ober die Organisation 
des Eurypterus Fischeri Eichw. 
Both Nieszkowski ( 1859) and Schn1idt ( 1883) had 
worked with the fossil material embedded in the rock matrix (a fine-
grained dolomitic limestone) and used only needles to uncover the 
anatomical details. Holm, however, realised that an acid-etching 
technique which he had been using for extracting graptolites from 
limestone nodules (Holm, 1890; developed fro ~ a technique first 
fl . 
used by Gumbell, 1878); might be utilised with equal success on the 
well preserved eurypterids from Saaremaa. Holm revealed his good 
fortune with the eurypterid material in a preliminary note in 1896. 
The full monograph appeared in 1898 and a shorter version was 
published in Swedish in 1899. All the material described by Holm 
(1898) c~me from Saaremaa , although in 1860 Eichwald, and in 1865 
II 
Lindstrom , had mentioned the occurence of Baltoeurv12terus on 
Gotland. Holm had planned further publications on eury:pterids , 
using -the etching technique on more material from Saaremaa and some 
from Gotland . He intended to write this during his ~etirement 
but, after an accident , he died in 19'26, leaving only unpublished 
plates . Parts of t hese plates have since been published by 
Waterston (1964) and Wills (1965) . 
Co inci ding with the increas e of knowledge of t l, e 
Eurypterida in the latter part of the nineteenth century was a 
great interest in Liwulus . Packard (1 870, 1880) and Owen (1 873, 
3 
1878) revealed much about the embryology and anatomy of Lirnulus. 
Lankester's (1881) paper entitled Limulus - an arachnid sought to 
remove this animal from its previous position amongst the 
Crustacea and ally it to the Arachnida.; this was followed by 
Lankester, et a.l's. (1885) comparison of the musculature of 
Limulus and Scornio. Later work on Limulus by Patten (1890 , 1894), 
Patten and Redenbaugh (1900) and Gaskell (1890, 1908) was 
instituted in an endeavour to prove that the vertebrates were 
descended from arthropods. By the turn of the century it had 
become clear that the eurypterids and Limulus were fairly closely 
related. 
1912 saw the arrival of the most comprehensive 
work on eury:pterids · ev.er published, Clarke and Ruedemann' s 
.The Eurypteridaof New York which, despite its title, included a 
complete review of eurypterid research up to that time. A more 
concise review of the fifty years work on eurypterids was published 
by Woodward in 1913, After the first World War, three papers 
appeared (Versluys and Demoll, 1922; Versluys, 1923; Pompeckj, 
1923) which sW!iIDarised the work of Clarke and Ruedemann (1912) and 
others in German. Considerable controversy was aroused however, 
as these authors concluded that the eurypterids had descended from 
scorpions. The major works of a general nature since then have 
all been by St~rmer (1934, 1944 and 1955). St~rmer's 1934 paper 
originated, like that of Clarke and Ruedemann (1912), as a study 
of some eurypterids from a sp~cific area (Ringerike, No r way) but 
included a general part on many other aspects of eurypterid 
palaeobiology. Some of this work was developed further in a later 
paper (1936) in German. Sttrmer (1944) reviewed not only the 
relationships of eurypterids , xiphosurans and arachnids , but a l so 
1* 
those of the trilobites and the enigwatic Cambrian arthropods, and 
united all these groups under the ;'umbrella" Phylum Arachnomorpha . 
The most recent general work on eurypterids was the 'Treatise' 
(Stermer, 1955) which is now in need of revision . 
The habitats in which the eurypterids lived has been 
a subject of considerable debate since the early part of the 
twentieth century. Did the eurypterids dwell in fresh, brackish or 
salt water? O'Connell's (1916) paper, though controversial in 
suggesting the eurypterids lived in freshwater, stands out amongst 
the plethora of short papers on the subject around this time on 
account of the sheer volume of the work. At a later date, Ruedemann 
( 1924) presented a good sumr::ary of the environment debate. The 
subject was revived by Romer (1933) and Romer and Grove (1935) in 
connection with the habitat of the earliest vertebrates, which 
commonly occur with eurypterids , and which Romer believed were 
preyed upon by eu~Jpterids. Brooks ( 1957) reviewed the palaeoecology 
of the Chelicerata in the forn of an annotated bibliography. The 
debate rests at present, following Kjellesvig-Waering's (1958) 
compromise : the eurypterids inhabited marine waters in the Ordovician, 
marine , brackish and some fresh water in the Silurian , mostly fresh 
water and brackish with some marine in the Devonian, and fresh water 
in later periods . This mo del was detailed further for the Silur i an 
by Kjellesvig-Waering (1961) . Mos t recently Sti r mer (1976) has 
sugges t ed an amphibious mode of l ife for some eurypteri ds , including 
Baltoeurypterus. 
Baltoeurypt erus i s now Jmown not only f r om Podolia., 
Saaremaa and Gotland, but also f r om Romani a (Vascautanu 1932) and 
Norway (St6rmer 1938). A review of the family Eurypteridae is 
5 
provided by Kjellesvig-Waering (1958). The family Pterygotidae was 
reviewed by Kjellesvig-Waering (1964) and Waterston (1964). The 
Stylonuracea were reviewed by Kjellesvig-Waering (1966) and the 
Dolichopterus - Strobilopterus group by Kjellesvig-Waering and 
St6rmer (1952). Carboniferous eurypterids have been reviewed by 
Waterston (1957), Kjellesvig-Waering ( 1959), Wills ( 1964), Pribyl 
(1951) and Owens and Bassett (1976). The families Hughmilleriidae 
and Drepanopteridae have recently been reviewed by Stirmer (1973 
and 1974 respectively). 
Since the regional reviews by Woodward (1866-78, 
Britain) and Clarke and Ruedemann (1912, New York), other areas 
have received attention. Prantl and Pribyl (1948) described the 
Czechoslovakian eurypterid fauna, GiJl (1951) reviewed Australian 
eurypterids and Caster and Kjellesvig-Waering (1953) included all 
the Southern Hemisphere in their brief review. The Canadian 
eurypterids were described by Copeland and Bolton (1960). 
Aspects of eurypterid functional morphology which 
are relevant to the present study are reviewed in the respective . 
chapters herein (e.g. sexual dimorphism, Chapter 8.). The 
respiratory organ3 are not covered here, the relevant works being 
those ofMoore (1941), Wills (1965), Waterston (1975) arid Sto'rmer 
(1976). Wills (1965) was a "supplement" to Holm's monograph, 
indicating further anatomical details of Baltoeurvnterus which HolCT 
had discovered (revealed by his posthumous plates ) and including 
Wills•sown discoveries made on material from Saaremaa using a 
technique, similar to Holmis acid-etching, developed for 
Carboniferous scorpions (Wills,1959, 1960), 
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Chapter 2. 
MATERIAL, PALAEOECOLOGY AND PRESERVATION 
a) 11ATERIAL 
The specimens described here are all Baltoeurypterus 
tetragonophthalmus (Fischer) (genus diagnosed by St~rmer, 1973, 
p. 129, footnote) and are from Silurian limestones of Saaremaa 
(b'sel) and Gotland. There has been some dispute regarding whether 
this animal merits generic status, rather than being merely a sub-
species of the North American Eurypterus remipes as suggested by 
Kjellesvig-Waering (1958). Stormer's (1973) diagnosis was b~sed on 
the difference between the relative sizes of podomeres 7 and 8 of 
limb VI (the paddle). Andrews et al. (1974) preferred to retain 
tetragonophthalmus as \.a subspecies of ];,. remipes on the grounds t1ui.t 
the difference in the paddle was not great enough to warrant generic 
separation, but noted that Kjellesvig-Waering had informed them that 
he was now in agreement with St~rmer. In a forthcoming paper on the 
eurypterids from the "Pterygotus Ifarl" of Visby, Gotland, Kjellesvig-
Waering (1979) provides additional evidence for the validity of 
Baltoeurynterus and adds a second species,]?_. serratus, to this genus. 
Criteria differentiating Eurynterus and Baltoeurvpterus are: 
1) the relative sizes of podomeres 7 and 8 of limb VI 
(St,Srmer, 1973); 
2) the larger lateral eyes of Baltoeurvnterus 
(Kjellesvig-Waering, 1958); 
3) the carapace sculpture (Kjellesvig-Waering , 1958); 
4) the relative lengths of the spines on limbs II to IV 
(Kjellesvig-Waering, 1958); 
5) the lack of epimeral spurs on the pretelson of 
Eurypterus (Kjellesvig- Waering, 1958); 
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6) ,li. tetragonophthalmus exhibits sexual dimorphism 
in the prosomal appendages II and III, which 
].. remipes does not (Chapter 8); the telson and 
metaatoma of 12,. serratus (Kjellesvig-Waering, 
1979) also appears to exhibit sexual dimorphism. 
As the extant xiphosurid genera are differentiated 
on the basis of sexual characteristics (Waterman, 1958) , it does 
not seem unreasonable to use the same criteria at the generic level 
in the Eurypteridae. 
Most of the specimens were collected from the 
II 
locality at Viita farm, Rootsikula village, parish of Kihelkonna on 
the island of Saaremaa· (Osel), Estonia (Eesti). The eurypterid bed 
is 0.38 - 0.40 metres below the top of the "Eurypterus Dolomite", 
which forms the upper half of the Viita formation, the lowest 
" formation of the Rootsikula (Kaarma) Stage (K) (Kaljo, 1970). 
Although there is, at present, some doubt as to the exact strati-
graphic position of these beds, they are almost certainly very close 
to the Wenlock - Ludlow boundary (ludensis or nilssoni Biozone, 
Figure 1A). Some specimens described here are from the island of 
Gotland, and are from a coastal locality at Djupviks Fisklage, east 
.. 
of Hammars, Kraklingbo (Rede, 1929) and the thin-bedded marly 
limestone in which they occur belongs to the lowermost part of the 
Hemse Beds (Manten, 1971). The lower. part of the Hemse Beds 
correlates with the nilssoni Biozone of the Ludlow (Cocks et al ., 
II 
1971, and Figure 1A) and this means that the Gotland Kraklingbo 
eurypterid bed is of about the same age as that of Saaremaa. The 
famous Vattenfallet section near Visby, Gotland also contains 
eurypterids, (the "Pterygotus Marl") but -is l ower Wenlock in age , 
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, Figure 1. 
A. Correlation chart showing the Wenlock, Ludlow and 
Downtonian Series, of the Silurian System, of Estonia 
and Gotland in r2lation to the 2"ran1.0l ite biozones of 
th British Isles (adapted from Cocks, Holland, Rickards 
and Stracb.&11, 1971). Stratigraphic horizcn of Eur.'Dt~rus 
_!_emipe'2. (Bertie Formation, H'.'.. tran:o<rred.iens Diozone, 
Do,,ntcnian of Xcw York) is indicated by 111rn,•n11nH:111. 
T'ne occu:rcnce of Bal toeu::.··v11terus in the Rootsiktlla 
Stage (Estonia) ru1d the Hern.se I3c<ls (Gotlc1!1d) is indicated 
by *****-X-***"~. The "Pterygotus Harl 11 of the Hi.Jgklint 
Beds (Vattcnfallet, Visby, Gotla.nd) is indicated by 
++++++++++. 
B. Drawing of a typical piece of "Eurypte:i:-us Dolomite" 
(X 0.3) from Viita, Ilootsi~lla, Estonia, 0.38 - 0.\0 m 
below the upper bolLnLbry of the "Eurypterl!.2 Dolomi tc~' 
showing <1n accmnulntion of weakly disrupted cur<;ptericl 
remains, ,,.i th w1 ap_proximate ax.ial ori.~)ntat:ior.. north-
south ( tc1sons south) (from m,.ljo, 1')70, figure 7:5). 
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and no specimens from that locality are described here. 
Nearly all of the specimens described were prepared 
by Holm either for his 1898 monograph or for his intended 
publications. Nost specimens belong to the Riksmuseum in Stock.,.liolm 
and are prefixed with the letters Ar. Thirty-two which are 
deposited in the British Museum (Natural History) are numbered 
1'3406/1-32; other British Museum specimens bear the prefix (BH). 
Ex E9/1 etc. are podomeres etched by Wills (1965) from the back of 
MCZ 6003 from the Patten Collection. Museum of Comparative Zoology, 
Harvard University, and are held in the collection of the Geology 
l)epartment of Birmingham University, England. 
A few 'specimens are ~n rock, the rest have been 
etched out of the rock matrix and are either mounted dry or in 
Canada Balsam (in which case they are translucent). In some cases 
the balsam was applied to the fossil which was then etched from the 
back, resulting in a block of balsam with parts ·of the animal that 
were thus released from the rock matrix protruding on one side. 
b) ASSOCIATED FAUNA 
Kaljo (1970, table 43) records a large fauna frora 
the Viita formation, including a stromatoporoid, tabulate corals, a 
byozoan, brachiopods, a gastropod, a cephalopod , numerous 
ostracodes, conodonts and agnathans, ·as well as eleven eurypterid 
species , four xiphosurans and two Crustacea. Row many of these 
have actually been found in the main , thin layer bearing 
Baltoeurynterus is not certain , although Baltoeurypterus has been 
recorded from other horizons in the Viita formation , as well es from 
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other formations. Twenhofel (1916) describes the eurypterid layer 
as being well exposed at six to eight feet above sea level in a 
" small quarry on the coast south of Rootsikula villaee. The layer 
itself is eighteen inches of white, fine-grained dolostone, and 
Twenhofel records Baltoeurypterus tetragononhthalmus, Pterygotus sp. 
(Erettopterus?), Bunodes lunula, Pseudoniscus aculeatus, 'Orthoceras' 
tenuis , Thyestes verrucosus and Tremata.snis (Witaaspis?) schrenckii. 
The eighteen inch layer above the eurypterid bed bears only agnathan 
scales, Herrmannina phaseola (Leperditia angelini) and 'Platychisma' 
helicites. Twenhofel (1916) also records 'Clathrodictvon' in masses 
up to two feet across in eurypterid beds at Attal, six or seven miles 
to the south west of Viita. 
Apart 'from Baltoeurvnterus tetragonophthalmus, the 
eurypterids recorded from the Viita formation are: Hanahu~hmilleria 
patteni St6rmer, Eurypterus laticeps (Schmidt), Dolichopterus stoermeri 
Caster and Kjellesvig-Waering, ]. sp., Pterygotus impacatus Kjellesvig-
Waering, f . sp., Erettonterus (Erettopterus) laticauda (Schmidt), 
E. (Truncatiramus) osiliensis (Schmidt), Carcinosoma sp. (Schmidt) 
and Mixopterus simonsoni (Schmidt). The two Erettonterus species are 
the commonest after Baltoeurypterus. Ceratiocaris noetlingi is 
recorded from Viita, and a pedunculate cirripede, Cynrilepas holhi, 
was d~scribed by Willis (1962, 1963). Great numbers (over 40 on one 
specimen) of this cirripede were found attached to the Baltoeurvpi;~ 
exuvia.e, which seer'.! to have provided them with a good anchorage (Wills, 
1965, p. 96) . 
Some Baltoeurypterus specimens (e.g. Pl. 4, fig. 10) 
are crammed with ostracodes. A few ostracodes occur in the surrounding 
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matrix, but in a much lower density than that observed on the 
Baltoeurypterus fragments. The ostr~codes are preserved as internal 
and external moulds. In one case (Ar 35251) a carapace with 
abundant ostracodes occurs on the same slab as, but at a different 
level to, a •large Baltoeurypterus with very few ostracodes . In 
many cases, on the inside of the lateral eyes and the dorsal parts 
of the carapace, the ostracodes are less prominent. It is not 
possible to determine whether any of the ostracodes are complete, 
but in a few cases it is possible to see that they are disarticulated. 
Two species are present, a large ?leperditiid ostracode (Pl . 4, fig. 10, 
anterior to left lateral eye) and a far commoner, smaller species, 
specimens of which are about the same mean size . 
\ 
Two questions immediately aris_e from this evidence. 
Why are the ostracodes found so abundantly on s ome eurypterid 
fragments and not on others and in the surrounding sediment? Are the 
ostracodes the remains of complete dead individuals or disarticulated 
valves? 
If the ostracodes were attracted to the eurypterid 
remains in life, two explanations for this congregation seem 
plausible : for feeding, or for shelter (e.g. to moult) . If for 
feeding, was the food eurypterid remains or another organism found 
on the eurypterid r emains? It is possible that the eurypter ids with 
abundant ostracodes were carcasses (s9~venging ostracodes are common, 
see, . for example, Bate , 1972), yet these eurypterids are neither more 
disarticulated (which is usual with scavenged carcasses) nor do t hey 
have a thicker cuticle than the other eurypterids which are most 
probably exuviae (Chapter 2d). It is possible that the ostracodes 
were eatine another organism, e.g. an al~a or fungus (Cynrilepas is 
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too big), which was growing en the eurypterid frae,nent. It is 
unlikely, however, that the amount of growth on the eurypterid 
fragments could support such -12.rge numbers of ostracodes. Some of 
the ostracode moulds are definitely of disarticulated valves, so 
at least some drifting must have taken place. The possibility that 
the ostracodes sought shelter under the eurypterid fragments for 
moulting, and that the remains are exuviae, cannot be ruled out. 
Other observations need explanation if the ostracodes 
were drifted into their present positions as disarticulated valves. 
The fact that all specimens of the smaller ostracode species are 
roughly the same size could be explained by the effect of current 
winnowing removing the smaller individuals, or that the valves 
represent a single moult stage or tha product of seasonal or 
catastrophic death of one adult ostracode generation. The latter, 
biological factors may also explain the confinement of the 
ostracodes to certain specific layers within the eurypterid bed. 
Currents are thought to have been present in the environment of 
deposition (Chapter 2c,d) which, with lowered velocity on 
encountering a fragment of eurypterid, would have deposited the 
ostracode valves there. 
Without further speciDens and access to the locality, 
and with the poor ostracode preservation, it is impossible to 
completely explain this interesting association. What is apparent, 
however, is that there must have been some compaction of the 
sediment causing a flattening of the eurypterid carapaces, as 
evidenced by the increasingly greater relief shown by the ostracode 
moulds towards the lateral and anterior edges of the carapaces (Pl . 4, 
fig. 10). 
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The Gotland specimens come from a 30cm. band of 
"dense and hard marly limestone" (i·lanten, 1971, p, 350) which is 
thin-bedded and contains locally abundant ostracodes. The beds 
below this horizon are richly fossiliferous , brachiopods and 
ostracodes showing the greatest number and diversity. 
c) INFERRED ENVIRONMENT 
The rock in which the Saaremaa eurypterids are found 
has variously been described as dolomite (=dolostone), dolomitic 
limestone and limestone. The rock is fine-grained, off-white in 
colour and appears, on first impressions, to be quite homogeneous. 
However, Wills (1965, p. 95) records 10% - 2570 in weight of insoluble 
residue, some layers being more silty than others; microcurrent 
bedding is also seen iri thin section. Wills (1965, p. 95) records 
only calcium carbonate in analyses, but Kaljo (1970) considers the 
" eurypterid bed to be a prirr.ary dolostone. The Rootsikula Stage is 
characterised by a cyclic alternation of limestones and primary 
dolostones, according to Kaljo (1970). The scanning electron 
microscope (Pl. 1, figs. 7 and 8) reveals rhomboidal grains, and 
these impress their shapes upon the eurypterid cuticle (see also 
Eisenack, 1956, Fig. 1). It seems more probable that the rock was 
a limestone which was dolomitised during early diagenesis (possibly 
by evaporitic or seepage refluction) , and that the dolomite rhombs 
growing adjacent to the pieces of cuticle caused pitting of the 
cuticle. 
" Sedimentary structures in the Rootsiku.la rocks include 
discontinuities, mud cracks , ripple marks and worm tracks . These 
s edimento l ogical cha rac teristics , together wi t h the abundance of 
stromatolites and oncolites and paucity cf typ i cal marine fossils in 
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the Rootsikula Stage suggest a shallow water, possibly lagoonal, 
environment of deposition. Current action caused wafting of pieces 
of eurypterid exuviae, hence detaching parts of the otherwise 
complete specimens (Wills, 1965, p. 95). 
The environmental conditions suggested for the 
Estonian eurypterids are comparable in many respects with those 
suggested for the Fiddlers Green Member of the Bertie Formation, 
New York, the beds in which Eurypterus remipes is found. Brower 
and Reyment (in Andrews et al., 1974) investigated the Fiddlers 
Green dolomitic limestone ("waterlime") in great detail. However, 
their interpretation of the taphonomy of the eurypterids, mass 
mortality and rapid burial in a storo, cannot be applied in the 
case of the Saaremaa eurypterids (see Chapter 2d) and conflicts with 
the views of Clarke and Ruedemann (1912, p. 25). 
d) PRESERVATI01I Al;D TAPHONOI'IT 
Baltoeurynterus is preserved as thin, golden-brown 
or tan coloured material covering moulds. When dry, this material 
tends to flake off. There is some debate concerning whether this 
brown material is the original integument of the animal, or whethe~ 
there hes been partial chemical replacement or alteration. Wills 
(1965 ! p . 96) considers the brown material to consist entirely of 
the original chitinous cuticle. Dalingwater (1975), on the other 
hand, refers to the notes attached to. the box of specimens deposited 
in the British Museum (Natural History) which record analyses :nade 
in 1905 on the Bal toeurypterus material. Thes.e analyses revealed 
the presence of organic matter together with a skeleton of silica. 
Siliceous replacement has been recorded in Ptervgotu~ 
ludensis by Dalingwater (1973), Rosenheim (1905) analysed the 
cuticle of Erettopterus (Truncatiranus) osiliensis and after 
prolon~ed treatment with concentrated hydrochloric acid followed by 
evaporation, he recovered a reduqing substance in aqueous solut ion 
which he regarded as evidence for the presence of chitin. 
Dalingwater (1975) was unable to prove the presence of specific 
amino-acids in the cuticle of Baltoeurypterus using chromatography. 
It may be possible to use the electron microprobe to reveal the 
content of silica in the cuticle, but this technique would not show 
the nature of any organic molecules present. It is unlikely that the 
silica, if present, is of primary origin, as no Recent arthropod 
cuticle is known to contain large amounts of silica. If secondary 
however, the silica replacement is remarkable in that fine ultra-
structural features such as the exocuticular laminae are preserved 
(Chapter 2a) . The brown colour of the cuticle may be explained by 
the presence of non-carbonised organic matter . 
Eldredge (1974, p. 21) remarked that each of the 
three common merostomes found in the eurypterid beds of Saaremaa 
are preserved in different ways. The preservation of Pseudoniscus 
aculeatus most resembles that of Baltoeurvpterus in that the 
cuticular material, when present, is light brown in colour, but the 
Bunodes lunula cuticle is preserved as a dark brown coating. 
Eldredge used this as evidence to support his sugsestion that the 
cuticles of each of these animals had different chemical properties 
in life. Erettopterus (Truncat iramus) osiliensis found in the 
a 
Saaremaa beds appears as blfk patches, suggesting that the organic 
matter r emaining in the cutic le of this animal has been carbonised. 
It is difficult to conceive of an explanation for these differences 
in preservation among supposedly closely related arthropods. 
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Many of the Baltoeurypterus specimens are f~om 
weathered rock surfaces, on which Recent fungi have grown. These 
fungi are occasionally revealed by the etching process (Pl. 1, 
figs. ' 1 and 2). Similar subspherical bodies were described from 
Erettopterus (Truncatiramus) serricaudatus by Waterston (1964, 
p. 18) as "problematica" . Pyrolusite (manganese dioxide) is common 
in the rock, and some eurypterid specimens are covered with a grey 
peppering of this mineral. 
When etched from the rock matrix, the Baltoeuryuterus 
material is a beautiful lieht bro~m colour and is commonly three-
dimensionally preserved (Pl. 1, figs. 3 and 4). Material from 
Gotland has a lustre which is lacking from the Saaremaa specimens. 
Possibly there is no surface pitting , caused by the dolomite rhombs 
in the matrix, on the Gotland material which is preserved in 
limestone. The Gotland specimens are also commonly less compressed 
than those f~0m Saaremaa. Consequently, many of the finer specimens 
originate from Gotland . 
Kaljo (1970, p. 272) records that the Saaremaa 
eurypterids are normally preserved with the dorsal side downwards , 
and nearly complete specimens are orientated with the long axis of 
t he body in a roughly north - south direction with the prosoma to 
the north (Fig. 1B). This is consistent with the interpretation 
proposed by Wills (1965, p. 96) who considered that the 
Baltoeurypterus remains were exuviae which had co~e to rest on the 
substrate dorsum downwards. With slight current activity the 
specimens became orientated , and ventral parts of the body drifted 
out of their original position. 
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It is almost certain that the eurypterid remains 
described here are exuviae. Clarke and Ruedemann (1912, p. 25) 
considered most eurypterid remains to be exuviae. St~rmer points 
to the fact that Limulus carcasses are rapidly scavenged and torn 
to pieces whilst Limulus ex;uviae are comparatively untouched. The 
exuviae of Limulus greatly resemble the living animals at first 
sight, as the ecdysial suture gap recloses after the animal has 
left. 
4c). 
A similar ecdysial suture occurs in Baltoeurvpterus (Chapter 
Wills (1965, p. 96) provides more evidence for the eurypterid 
remains being exuviae. 
Limulus moults most parts of the body that are 
ectodermal in origin, this includes tendons (which are commonly 
preserved in Baltoeuryuterus, Chapter 4c), the fore~~t (including 
the gizzard with its sand grains used for grinding up food) a nd the 
short hindgut (rectum). The endosternite, being mesodermal in 
origin (Firstman, 1973) is not preserved in Limulus exuviae. No trace 
of an endosternite has been found in any eurypterid, yet, being 
fairly tough, the endosternite (presumed to have been present in 
eurypterids) would probably be preserved in a dead animal. The 
absence of an endosternite is more evidence (albeit negative) in 
favour of the Baltoeurypterus specimens representing e:x:uviae. 
Andrews and Gould (in Andrews et al ., 1974, p. 89) 
regarded the remains of Euryuterus re·J"ll~pes, fro m the Bertie 
Water lime of New York, to be those of dead anir.i.als, "rapidly buried 
in a catastrophic fashion". In this way, they explain the lack of 
evidence of scaven~ing activity, yet concede that some of the 
eurypterids are exuviae. There is no sedimentological evidence 
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indicating storm conditions during deposition of the Euryptcru~ 
remipes bed, and Andrews and Gould's main evidence was simply the 
chance occurrence of two specimens which looked like carcasses, 
and a comparison with an observation by Reyment of a Recent mass 
mortality of crustaceans in Denmark (in Andrews et al., 1974). 
Kjellesvig-Waering (1979) also disagrees with thP. conclusions 
reached by Andrews and Gould. Kjellesvig-Waering (1979) remarks 
that the lack of scavenging activity referred to by Brower and 
Reyment (i.!! Andrews et al., 1974) was probably due to the fact that 
exuviae contain no nutritious organic matter worth scavenging, 
rather than to a catastrophic burial. 
Although individual podomeres, especially those from 
Gotland, may exhibit considerable rotundity, nearly complete exuviae 
are usually compressed. The first stage of flattening occurred as 
soon as the exuviae, dorsum downwards, reached the sea bed, as the 
flexible parts of the body collapsed. With some decay of the 
arthrodial membranes, further collapse and movement due to currents 
occurred: After burial, some compaction of the sediment took place, 
as evidenced by the wrinkles and splits on the carapaces, and the 
evidence from ostracode moulds on the carapaces (Chapter 2b). 
Finally, further collapse and disruption occurred on etching the 
fossil material from the rock matrix. 
The effect of this collapse and compaction was to 
cause the large coxae VI to compress dorso-ventrally and push the 
anterior coxae forwards, causing them to fall into their present 
positions (Pl. 19, fig. 3)' which has been likened to the 
arrangement of tiles on a roof (Holm , p. 13). Holm apparent ly 
believed that this was the arran1:ement of the coxae in life, and 
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he 
· (Pl. 2, fig. 1) reconstructs the ventral side of the body in this 
way. He (p. 13) contrasts the arrangement to that in Limulus , in 
which the dorsal parts of coxae II to V are more anterior in 
position than are the gnathobases. The life arrangement of the 
coxae of Baltoeurypterus is discussed in Chapter 14 . 
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Plate 1. figures 1 and 2. I3406/1 XiOO. Recent fungal 
hyphae and sporangia which were grow-ing on the surface 
of the eurypterid specimen whilst in the rock and 
exposed to weathering. figure 3. A.r 49941 x36. Podcmere 
IH, (male) showing t-,y-pical colouration. figure J±. 
Ar 1*99l11 X12. 5. S~areo pair of podomere II.'i: (male) to 
show three-dimensional p1·eservation as observed in 
many specimens , especially those from Gotland. figures 5 
to 8. Scanning electron micrographs. figure 5. Ar 50013 
x263. "Section" of cuticle at base of podo::i ere •/9, 
exterior to top, ,vi th tendon remnant ( centre bottom) 
arising from cuticular apophysis. figure G. Ar 50177 
Xi,050. Broken edge of cuticle, ?showi:;ig faint t:races 
c,f original cuticle lrunination. figure 7. Broken surfac2 
of dolostone from eury-pterid bed, Viita, Saarcmaa, 
showing dol omite rhombs and silt grains, X:525. figure 8 . 
Af' 50013 X525. Surface of cutic.:1~ showing extensive 
pitting caused by dolomite rhowbs of matrix. 
Plate 1 
SECTION II 
Chapter 3 , 
THE CUTICLE 
a) ULTRASTRUCTURE 
The few broken edges of Baltoeurypterus cuticle 
examined using scanning electron microscopy (SEH) revealed little 
evidence of cuticular layers (Pl. 1, figs. 5 and 6), but traces 
of laminae can be seen on Plate 3, figure 10. The occurrence of 
laminae in eurypterid cuticles was sho~m by Dalingwater (1973) in 
Pterygotus and Dalingwater (1975) in Baltoeurypterus and :Mycterons. 
Examirration of the cuticle of Limulus (Pl. 2, 
figs. 1, 2, 4 and 5) confirmed previous observations (Richter, 1969; 
Dalingwater, 1975; Mutvei, 1977) that the exocuticle consists of 
discrete laminae (lamellae sensu Richter, Nutvei) composed of 
curving fibres and traversed by pore canals and glandular and neural 
ducts . The laminae are connected by fibres which cross the 
interlaminar zone as parabolic arcs (~utvei, 1977). 
Comparisons of the cuticles of eurypterids with the 
cuticles of Limulus and scorpions were given in Dalingwater (1975 , 
Fig . 2) and Nutvei (1977) . The exocuticle , being the part t hat i s 
most commo nly preserved in fossils (usually exuviae) , is laminated , 
but the endocuticle of Baltoeuryuterus and Limulus is characterised 
by a vertical fibrous architecture , where the vertical co~ponent of 
the laminar archi tec tur e , the par abolic ar cs , have become dominant 
over t he laminae (Mutvei , 1977 ). Vertica l archi tectur e occurs most 
commonly at thicker parts of the cuticle; e.g. at the carapace 
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Plate 2. Scanning electron micrographs of cuticula:r features of Liw.ulus, 
coxa (figures 1 - 3), carapace of moult (figure.s I1 - 10) and Ba l to-
euryPterus (figures 11 - 12). figure 1. X1050. E:{0euticle, broken 
edge showing discre'te laminae, intcrlaminar distance decreasing 
towards outside (top). figure 2. X:525. Broken exocuticle, oblique 
aspect, showing discrete laminae and pore canals with associated 
fibres. figuxe 3. X263. Sensory seta. · figure 4. X103. Cuticle 
surface, lmninae and gland ducts on broken edge at right, two long 
setae and nwnerous duct openi11gs on surface. figure 5. X1050. 
Gland duct, broken, showing fibrous ,,-alls; laminc1.e composed of 
curving fibres, pore canals and some fibres arching across interlwnina, 
c.f. fig. 1±. figure 6. X2625. Opening of gland duct at cuticle 
surface, c.f. fig. 5. figure 7 • .x263. Setal follicle with broken 
base of seta, c.f. fig. 3. figure 8. X1050. ?s ense organ. figure 9. 
X1050. Detail of broken seta in follicle (c.f. fig. 7), fibrous 
structure with pore canals clearly seen, fi~1rc 10, X1050. ?sense 
organ, scta lo s t? f.ignrc 11. X:10:30. ?Follicle ,,ith lJrokcn scta, 
rhomboid pits clearly seen on cm:;iclc surface, c.f. fig. 7. figure 12. 
X:1050. ?sense organ or follicle without, seta, c.f. fig. 10. 
Figure ~. Section through tlie articulaLion of ·a tarsal tactile seta of 
Protopl1onn:i~~ tr,rracnova (' (Hcxapoda: Diptera) (af_ter Lewis, 1970). 
Plate 2 
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doublure in Limulus (Dalingwater, 1975; Mutvei, 1977) and may be 
related to the need for greater strength in these regions 
(Richter, 1969). 
Pore canals are easily visible in Limulus cuticle 
at fractures (Pl . 2, figs. 2 and 5) but are only seen with difficulty 
in Baltoeurypte:rus (Pl. 3, fig. 10). The colour of Baltoeurynterus 
cuticle {Pl. 1, fig. 3) · suggests the cuticle protein was tanned 
(sclerotised) in life, as in most arthropods, probably with 
quinone links, but possibly with disulphide bridges as found in 
the cuticle of some scorpions (Kennaugh, 1959). 
b) PERFORATIO~;s AND SETAE 
The c~ticle is perforated by numerous holes which 
vary in size from 0.5 - 1.0 microns across to about 7 mic~ons across. 
The smallest of these rep~esent the openings of pore canals (Pl. 3, 
fig. 10; cf. Limulus , Pl. 2, fig. 5). Fine canais of about 1 - 2 
microns in diameter, can be seen on Plate 3, figure 10, traversing 
the cuticle of the gnathobasic teeth. Those canals which emerge in 
a plane perpendicular to t he page, appear as narrow inverted V-shapes 
(an optical effect due to the narrow depth of field of the photogra~h) 
which could be what Eisenack (1956) mistook for fine teeth 
• II (nebenzahnchen) that do not appear to have been seen in silhouette. 
Both Eisenack (1956) and Daling1-rater (1975b) referred to fine (1 - 2 
microns across) canals, Eisenack suggested they formed part of the 
sense organs or, improbably, were secretary ducts, and Dalingwater 
compared thetll to ducts seen in Carcinus cuticle by Dennell (1960) 
who suggested they were related to the greater phenolic tanning seen 
at the tips of teeth . These can~ls show a considerable resembl~nce 
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to the chemoreceptors of the gnathobasic teeth of Limulus 
descri,bed ·. by Patten (1894) and more recently by Barber (1956). 
The dendritic structures (Pl. 3, fig. 6) (which must be impressions 
on the inside of the cuticle if it is exuvial) are also similar to 
the nerves in the lumen of the tooth illustrated by Patten (1894). 
It is possible, therefore, that even after ecdysis, traces of 
sensory nerves may remain imprinted on the internal surface of the 
cuticle, and that .the canals bore nerve fibrils of chemosensory 
organs (campaniform sensilla) during life. It is unfortunate that 
Clarke and Ruedemann (1912, p. 54) appear to have misinterpreted 
Patten's (1894) findings in thinking that the anterior gnathobasic 
teeth of Limulus were themselves the gustatory organs, and inferred 
from this that the ventral movable teeth of coxae II to IV of 
Baltoeurvpterus were comparable in function. Another possibility 
is that these canal organs were "strain gauge" proprioceptors 
monitoring cuticular stresses. This suggestion arises from their 
superficial similarity to the funnel canal organs found in the 
dactylopodite (terminal podomere) of the walking· legs of some 
Crustacea (Shelton and Laverack, 1968). 
Larger holes (follicles) occur in the cuticle (Pl. 2, 
figs. 11 and 12; Pl. 3, figs. 1, 7 and 9; Pl. 4, figs. 4 and 6; 
and on many other figures). These have generally been ascribed a 
sensory function, but there is some debate regarding whether they 
housed setae or some other sensillum. · Eisenack (1956) gives a 
l engthy description of the follicles , which he terms Fenstern 
(windows) , believine them not to have bornesetae in life, but to 
have had a thin cuticular covering , and hence have been campaniform 
sensilla . No evidence for a thin cuticular covering has been 
found in t he present study . The fo l licles have a l so been described 
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by Dalingwater (1975b) as "goblet-shaped setal sockets" and Miller 
(1976) suggests these may have ducts leading to them, which would 
be expected in a sensillum. Similar follicles to those described by 
Dalinewater (1975) are shovm in the SET-1 photographs (Pl. 2, figs. 11 
and 12). By comparison with Limulus (Pl. 2, figs. 7 and 9), one of 
these (Pl. 2, fig. 11) appears to be a broken seta in its socket, 
while another (Pl. 2, fig. 12) is comparable to another feature of 
the Limulus cuticle (Pl. 2, fig. 10) which may represent either an 
indeterminate sensillum or a setal socket with the seta absent. 
J\lany types of setae occur on the Baltoeurypterus cuticle (e.g. Pl. 3, 
figs. 4, 5, 7 and 8; Pl. 4, fig. 8; Pl. 13, figs. 4 and 9; Pl. 15, 
fig. 9; Pl. 16, fig. 5) but none is seen emerging from the larger 
follicles. During ecdysis a new seta is formed (Gnatzy and Tautz, 
1977; iiaupt and Coine~u, 1978), so the old one should remain in its 
socket. It is possible that the larger setae, loosely held in their 
sockets by arthrodial membrane (Fig. 2), may be lost during burial, 
diagenesis or preparation. 
The setae vary from small, short ones (Pl. 3, fig. 5) 
as found on the male scimitar lobe (Chapter 7d) and on the horn-like 
organ of the genitalia, through slender setae (Pl. 3, figs. 7 and 8; 
Pl. 4, fig. 8), to stiff bristles (Pl. 3, fig. 4; Pl. 6, fig. 7) . 
The structure of a single seta (Pl . 4, fig . 8) is similar to that of a 
scorpion seta (pers. obs.), in having a bulbous base and a lumen 
throughout its length (see Eisenack, f956, for detailed description) . 
Apart from Eisenack (1955, 1956), there have been.few papers on the 
setae of eurypterids. Tobien (1937) distinguished four types of 
sensory setae in Erettonterus (Trunca.tiramus) osiliensis , and 
Tagourdeau (1967) described the cuticular features of some eurypterid 
fragments from the Sahara . 
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Plate 3. figure 1. Ar 49956 X5. Parts of ventral surface and distal joint 
of coxa VI (infero-anterior articulation on left, arthrodial membrane 
at top right), broad to narrow lunules, some folliculated, asymmetric 
. lun.ules on distal border. figure 2. !3406/2~ xs50. Lunule on horn-
like organ of female genitalia, colouration appears as discrete 
"chromatophores". figure 3 • .Ar 4994.7 X31.5. Small lunules on superior 
surface of podomere V2, mucrones at right. figure 4. Ar 49926 X38.5. 
Large setae or bristles on surface of poc.ornere III2. figure 5 • .Ar 50024 
X25. Short setae on scimitar lobe of podomere III5 (male). figure 6. 
I}l.1:06/14 X250. Gnathobasic tooth of co:xa V, with row of ?chemosensilla 
(nebenzfilmchen of Eisenack, 1956) next to dendri tic feature (impression 
of nerves?), part of another tooth behind. figure 7. !34.06/13 X21.5. 
Coxal triangle IV, showing setae , broad ltumles and follicles, antero-
ventral to right. figure 8 • .Ar 5004.8 X4.0. Ventral prosomal cuticle 
showing setae . figure 9. Ar 49956 X11. Ventral surface o:f coxa VI, 
broad lunules, some with follicles. figure 10. !3406/14 X500. Gnatho-
basic tootl1 of coxa V. figure 11. Ar 5004.2 X51.5. Tend.on bases on 
distal joint of coxa VI. figure 12 . Ar 50031 X4.1.5. Tendon bases 
("striated membrane") of proximal joint of pod.omer~ VIl1:. 
Figure 3. 131±06/14.. Scale bar 1/10mm. 
Plate 3 
c) "SCULPTURE" 
Apart from the artefacts caused by the impression of 
dolomite rhombs on the cuticle surface and other diagenetic 
effects (e.g. cracks and wrinkles), a wide variety of cuticular 
"sculpture" is seen on Baltoeurypterus. The impression of rhombs 
and general wrinkling may explain the "polygonal network" 
described by Wills (1965, p. 100, and Pl. 1, fig. 3) and 
Dalingwater (1975). 
A smooth cuticle surface is rarely found on 
Baltoeurypterus. Commonly the smoothest cuticle bears fine setae 
or "stretch marks", for example on the anterior and posterior 
surfaces of the coxae (Pl. 7, fig. 5) , and similar wrinkles occur 
on Limulus coxae. Thickened cuticle is normally darker in colour, 
as Holm observed, but dark colouration may also indicate pigr:ientaticn 
without a great amount of cuticle thickening, as suggested by Stormer 
· (1963, p. 84) and this commonly occurs at the lunules (Pl. 3, fig. 2). 
Perhaps the most characteristic cuticular sculpture of 
Baltoeurvnterus is the crescentic marking or lunule (Fig. 4). 
Lunules vary in size and shape . In shape, they vary from almost 
straight, transverse discontinuous lines (Pl. 5, fig. 6). similar to 
the terrace lines of trilobites, · t hrough broad lunules (Pl . 3, fi gs . 
1, 7 and 9), to c~esc~nts or V-shapes (Pl. 3, fig. 3), to narrow 
U-shapes. They may show no noticeable relief, or may be "raised" , 
especially when narrow (Pl. 4, fig. 12). Symmetric lunules nay 
grade into asymmetric lunules (Pl . 7, ' fig. 4; Pl. 9, fig. 3), and 
the extreme form of these are the striae (usually folliculatedJ of 
the movable spines of limb II to IV (e.g. Pl. 12, fig. 6). All 
types of lturnJ.e I:J.ay be follicula ted ( 
T.1. 
l'1g. 4B) and this is usually 
accompanied by relief. Extreme relief produces the narrow, raised 
lunules or denticles of the posterior carinae of limb V (Pl. 4, 
fig. 2), · the multifolliculated tubercles of the inferior surfaces 
of limbs II to IV (Pl. 7, fig. 3; Pl. 9, figs. 1, 3, 5 and 8) , 
mucrones, which are commonly folliculated (especially when adjacent 
to an articulation), and spines, either small or very large (as the 
fixed spines of the penultimate podomeres of limbs II to V). 
The latter features may be seen on Plate 4, figure 4. Although the 
cuticle may be thicker at a lunule, some of the dark colouration is 
due to pigmentation (Pl. 3, fig. 2). 
A brief description of the variety of eurypterid 
sculpture is provided by St,6rmer (1963, p. 84). Nearly every 
eurypterid worker has commented on some aspect of the cuticle surface 
pattern. It is clear from Holm's unpublished plates that he 
intended to present a detailed analysis of eurypterid surface 
patterns . Clarke and Ruedemann (1912, p. 26), following an idea of 
Nieszkowski (1859), interpreted the scale-like markings on the 
cuticle of some eurypterids as the surface expression of internal 
muscle attachment sites . Comparison with the cuticular sculpture of 
Recent arthropods suggests that this interpretation is untenable. 
An investigation of the distribution of cuticular 
sculpture over the eurypterid body may provide many clues to its 
function, but this has not been attempted in this study. Some 
general points to note, however, are : that surfaces in close 
proximity to another surface (e. g . the anterior and posterior 
surfaces of coxae II to V) bear only fine setae and lunules , 
fo l licl es, etc. are not f ound on t hese surfaces; that all l unul e 
cusps point an t erior or mes i al (pr oximal on l i mbs ); that the 
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Figure 4:. A. Lunules , var i ation and terminology (from Depitout, 1962). 
B. FolliculaJi:, ed lunules, variation and terminology. 
Fo:c further variations, see Figure 7. 
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distribution of setae on the limbo (e.g. limb V) may have 
functional and taxonomic implications, as in the arachnids 
(Couzijn, 1976) and other arthropods (Lawrence, 1977). 
d) JOINT NORPHOLOGY 
Joints consist of thin, flexible, untanned 
cuticle (arthrodial membrane) between podomeres, with or without 
one or two articulations. Cuticular spines, mucrones and 
tubercles associated with a joint (Pl. 4, fig. 4) are described 
above, and their setae may be proprioceptive in function. Ifost 
joints in the limbs of Baltoeurypterus are either hinge joints 
or pivot joints (see Manton, 1977, p. 192, for definitions). 
Hinge joints consist of a single, or two adjacent, articulations, 
which are commonly superior in position, and an expanse of 
arthrodial membrane around the remainder of the joint. Pivot joints 
bear two articulations at opposite sides of the joint from each 
other, with arthrodial membrane around the remaining sides. 
Specialised joints occur in places, for example the body - coxa 
joints bear no articulations, and the podomere 6 - podomere 7 
joint of limb VI is a rotatory joint modified from a hinge joint. 
Joint function is described in Section III. 
A simple articulation consists of a thickened boss 
of cuticle (Pl. 4, figs. 4 and 11) at the point of closest attach-
ment of the two podomeres, and which opposes a similar boss on the 
adjacent podomere . Articulations may be greatly thickened a reas of 
cuticle, for example the anterior of the two articulations at a 
pivot joint, or only weak, in which case it may be difficult to 
decide whether or not a true articulation is present . 
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The strong articulations of the basal pivot 
joints (coxa - podomere 2 joints) of the rami of limbs IV to VI 
have a characteristic arraneement, which was described by Holm 
(p. 20). Superior to the articulation the coxal edge is recurved , 
covering the proximal part of podomere 2. Inferior to the 
•, ,· 
articulation, the arthrodial membrane increases in expanse so 
that in a short distance its width is considerable. At the 
articulation , on the coxal side, a furrow (Pl. 4, fie . 9) extends 
at a right angle to the coxal distal edge, which corresponds to 
a thick ridge on the coxal interior surface . Just inferior to 
this articulation, on the proximal edee of podomere 2 is an 
upturned-boat-shaped cuticular feature here termed the "scaphoid 
process" (Pl. 4, figs. 5 and 9). This type of articulation appears 
to be not only quite distinctive but also very strong . 
Being thin, arthrodial membrane, when preserved , 
appears light in colour. Some membranes appear "feathered." (Pl. 3 , 
fig. 12) or "striated" (Pl. 4, fig. 7). The featheiing and striae 
are strands of tissue whi ch are probably remnants of tendons . 
Tendon remnants are also prominent at other places, for example on 
the proximal and distal joints of coxa VI (Pl. 3 , fi g . 11) and 
arising from the proximal borders of t he ultimate podomeres of the 
l i mbs (e ~g . Pl . 6 , fi g . 5) ; in the l atter case they appear as long , 
l ath-like strips of pale-coloured cuticle . 
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e) TERMINOLOGY 
There naturally exist some differences of opinion 
regar ding the use of terms . It is therefore worthwhile to provide 
a list of words . with their suggested meanings, which are, and some 
which are not, used herein. Reference has been made to (1) Moore 
and McCormick (1969), (2) St6rmer (1955), (3) Couzijn (1976), 
(4) Stilrmer and Bergstrom ( 1976), (5) :t'1anton ( 1976), (6) Dalingwater 
(1975), (7) Richards (1951) and (8) Petrunkevitch (1955) for some of 
the definitions, which are referred to below by the numbers given 
above in brackets. 
1, 2, 3, etc. 
I, II, III, etc. 
Abduction 
Adduction 
Arabic numerals refer to limb podomeres, numbered 
from proximal to distal; so that the coxa is 
podomere 1, more distal podomeres are referred to by 
numerals only. The movable coxal endites may be 
numbered 1a, the large lobe on podomere 7 of limb 
VI is numbered ?a. 
Roman numerals refer to the prosomal appendages, 
numbered from the anterior backwards, comme::J.cing 
with the chelicera, I, and ~nding with limb VI, the 
"swimming leg"; individual podomeres are thus 
referred to by two numbers: i.e. V3 refers to the 
third podomere from the base of the fifth limb from 
the ant erior. 
Movement of a limb laterally in the plane of the 
long axis of the limb ; here generally restricted 
to coxal chewing movements (see levator muscle) (5). 
Movement of a limb medially in the plane of the long 
axis of the limb; here generally restricted to coxal 
chewing movements (see depressor musc l .e) (5). 
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Anterior 
Apodeme 
Apophysis 
Apotele 
Appendage 
Towards the front of the animal; for podomeres , 
assuming the limb is outstretched laterally (opp . 
posterior) (Fig. 5). 
Hollow internal process of cuticle to which muscles 
attached {cf. apophysis) (7): 
Solid interna l process of cuticle to which muscles 
attached (cf. apodeme) (7). 
Terminal limb podomere, bearing only a proximal 
joint (3). 
Any considerable projection from the body, usually 
paired; prosomal appendage is synonymous with limb. 
Arthrodial membrane The membrane between podomeres or body seg~ents 
Articulation 
at a joint. 
The close connection of podomeres or body segments 
at a joint where the least amount of movement takes 
place. 
Articulation axis Imaginary straight line passing through the 
articulation(s) at a joint, about which movement 
Basal 
Body 
Carapace 
Cardiac lobe 
occurs. 
Near the connection of a limb with the body (opp. 
terminal) (3). 
In restricted sense, the main part of the animal to 
which appendages are attached (e . g. body - coxa 
joint). 
Dorsal covering of proso~a, including also narrow 
ventral doublure, probably formed by fus ion. ~f 
tergites; not equivalent to crustacean carapace (1) , 
but to ·carapace of Arachnida (8) . 
Eedian lobe of carapace in Xiphosura. 
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Carina 
Chaetotaxy 
Chela 
Chelicera 
Chilarium 
Closer muscle 
Row of lunules or denticles, especially arranged 
longitudinally on a podomere (pl. carinae). 
Number and arrangement of setae, and their 
derivatives, on podomeres, as used in homology (3). 
Pincer-like arrangement formed by elongation of 
part of penultimate podomere (fixed finger) and the 
terminal podomere (movable finger) of a limb (pl. 
chelae ) (1, 2, 8). 
Preoral appendage (I) of all Chelicerata, originally 
chelate but may be hemichelate or adapted for 
piercing (pl. chelicerae) (2, 8). 
Appendage of pregenital segment (embryonic somite 
VII) of Xiphosura, used in feeding and may have 
other functions; chilaria are probably homologous 
with pectines of scorpion and metastoma of 
eurypterids (pl. chilaria) (cf. 2). 
Muscle which, on contraction, causes the movable 
finger of a chela to move towards the fixed finger; 
antagonist is opener muscle. 
Compound (lateral) eye In Baltoeurypterus and Limulus, many-
facetted eye situated towards lateral edge of the 
carapace (cf. median ocellus) (2). 
Coxa Basal podomere (1) of prosomal appendages II to VI, 
connecting limb ramus to body (pl. coxae) (8). 
Coxal t riangle On coxae II to V, the approximately triangular 
ventral surface, excluding the movable teeth of the 
gnathobase . 
Cuticle Materia-1 secreted at the outer surface of arthr opod 
epidermal cells; general l y solidifies forming 
exoskeleton, but not necessari l y with skeletal 
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function (syn. integument) (6 , 7). 
Denticle Discrete,narrow, raised lunule of a carina. 
Depressor muscle Muscle arising from inferior proximal margin of a 
podomere at a pivot joint with a horizontal axis, 
which, on contraction, causes depression of limb 
distal to the joint; antagonist is levator muscle; 
depression can also describe movement of a limb (5), 
Distal 
Dorsal 
Doublure 
Endite 
Endosternite 
Endo stoma 
Of a single podomere or whole limb, away from the 
base (opp. proximal) (Fig. 5), 
Of body or coxa only, situated at or near the back 
of the animal, i.e. usually uppermost, relative to 
the substrate (opp. ventral) (Fig. 5). 
Recurved ventral part of the carapace, separated from 
the ventral prosomal surface by (ecdysial) suture 
(1, 8; 2 glossary but not figures). 
Medially directed lobe of basal podomeres (1, 4); in 
Baltoeur:ll)terus, mesially directed lobe of coxa. 
Internal skeletal plate, approximately central in 
prosoma, mesoderr.ia l in origin and probably ancestrally 
vascular in function (Firstman, 1973) (syn. 
entosternite, entochondrite, endocranium, entosternon, 
plastron, endosternum) (1). 
Bilobed plate (sclerite) at posterior end of oral 
cavity, superior to anterior end of metastoma (2). 
Epimeron Lateral extension of ter€;ite (syn. epimere, pleura) 
(pl. epimera) (2). 
Exoskeleton See Cuticle. 
Extensor muscle Muscle which, on contraction, causes straightening 
of a limb at a hinge joint; many hinge joints have 
no such muscle and rely on other mechanisms for 
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extens:i.on; antagonist is flexor muscle. 
Extrinsic muscle Huscle arising :i.n the limb but inserting in the 
body (opp . intrinsic nuscle) (5). 
Exuviae Moulted cuticles of arthropods. 
Female Of Balto eurypterus, the sexual dimorph which bears 
elongate genitalia and unmodified prosomal 
appendages II and III (see Chapter 8) (syn. 'l'ype A 
which Std'rrner (2) considers to be the male). 
Femur Podomere, usually long, which has a basal pivot 
joint, and a distal hinge joint which forms the knee 
of the limb. 
Finger Of a chela, process of proximal podomere (fixed 
finger) or distal podomere (movable finger ) (1). 
Fixed Not articulated basally (opp. movable). 
Flexor muscle Euscle whichs on contraction, causes flexure (i.e. 
bending) at a hinge joint; antagonist may be 
extensor muscle or another mechanism (5). 
Follicle Perforation in cuticle, presumed to have been the 
site of attachment of a seta (see Chapter 3b). 
Gnathobase Toothed, medial process of coxa used in food 
mastication and transport (5). 
Hand Of a chela, the proximal podomere excluding the 
fixed finger (8). 
Hinge joint A joint consisting of a large expanse of arthrodial 
membrane on one side, at . the opposite (usually 
superior) side one articulation or two adjacent 
articulations are present; the main movement at 
the joint is flexure, by a flexor muscle, the only 
extensi on bei ng s t rai ght ening, by an extensor muscle 
or ot her mechanism (5) . 
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Inferior Of a podomere, downwards if the limb is out-
stretched laterally (opp. superior) (Fig. 5}. 
Intrinsic muscle Huscle both arising and inserting within the 
limb ramus (opp. extrinsic muscle) (5). 
Joint Structu~ce by which podomeres and/ or body segments 
are connected, and usually articulated; should 
not be used as a synonym of podomere, as does 
Knee 
Labrum 
Lamellfl. 
Lamina 
Lappet 
Lateral 
Left 
Leg 
St~rrner (2), (3, 5). 
First hinge joint on a limb, with a large amount 
of flexure, separates femur and patella. 
I1edian unpaired sclerite anterior to the mouth, 
but not "covering" it in Merostomata (cf. 1, 4) 
(2, 5). 
A theoretical sheet of chitin - protein fibres in 
the "plywood" model of arthropod cuticle structure 
in which laminae are seen as artefacts; used by 
Richter (1969) and Hutvei (1974, 1977) however, as 
synonymous with lamina (pl. lamellae) (6). 
Discrete sheet of chitin - protein fibres, connected 
by fibres arranged in arcs across interlamina (pl. 
laminae) (6). 
Semicircular flap of cuticle on anterior surface of 
coxa II in Baltoeurv1Jterus. 
Away from the longitudinal axis of the body in a 
direction at right angles to i't, in the horizontal 
plane (i. e. normally parallel to the substrate); 
may be left or right (Fig. 5). 
On the -animal's left side. 
Not generally used herein, as it tends to imply 
walking; approximately synonymous with prosomal 
appendage except for chelicera. 
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Levator muscle 
Limb 
Lintel 
Lunule 
Male 
Medial 
Hesial 
Hesosoma 
Netasoma 
Metastoma 
Muscle which, on contraction, causes raising of 
distal parts of the limb at a pivot joint with a 
horizontal axis; e.ntagonist is depressor muscle 
(syn. elevator muscle); levation can also describe 
movement of a limb (5). 
An appendage of the prosoma; limbs are numbered 
I to VI. 
Superior, curved, commonly lobed overhang of distal 
joint of coxa of Baltoeurypteru& (name derived from 
architecture: a timber or stone placed over a 
doorway). 
Crescent-, U-, V-, or J-shaped cuticular marking, 
ctracteristic of eurypterids (Fig. 5). I,, 
Of Baltoeurypterus, the sexual dimorph which bears 
short genitalia and modified limbs II and III (see 
Chapter 8) (syn. Type B, which St.o'rmer (2) considers 
to be the female). 
Towards the mid-line or longitudinal axis of the 
body. 
Towards the mouth (or oral cavity, where the exact 
position of the mouth is not kno'l'm ) . 
Anterior part of opisthosoma, bearing appendages; 
embryonic somites VII to XIII (2). 
Posterior part of opisthosoma, without appendages; 
embryonic s omites XIV t9 XIX, excluding telson (2). 
Plate on ventral side of prosoma behind mouth and 
between coxae VI; probably homologous with chilaria 
of Limulus and pectines of scorpions, and hence 
fused appendages of embryonic somite VII (pregenital) 
migrated onto prosoma; not syn. with crustacean 
--~~~~~~~~~------------........................................... ~ 
Hovable 
Mucro 
Ocellus (median) 
Opener muscle 
Opisthosoma 
Oral cavity 
Patella 
Pivot joint 
Plate 
metastoma (1); (2). 
Articulnted at its base; commonlywithout a true 
art icul ation but set in arthrodial membrane (opp. 
fixed). 
Squat, obtuse or right-angled projection, usue.lly 
at distal edge of a podomere (pl. mucrones). 
One of a pair of eyes (ocelli) consisting of a 
single facet (ommat i dium) situated medially on the 
carapace (2) . 
· :r-ruscle which, on contraction, causes the movable 
finger of a chela to move a.way from the fixed 
finger; antagonist is closer muscle. 
Posterior part (embryonic somites VII to XIX) of a 
chelicerate , behind the prosoma (2, 8). 
Ventral space on prosoma between gnathobases of 
coxae II to VI, labrum, endostoma and metastoma and 
roofed by thin cuticle in which the mouth is situateii. 
Podomere i r::u:n.ediately distal to the knee of a limb 
to (and hence alsoAthe femur). 
Joint consisting of two articulations, at op~osite 
sides of the joint from each other , separated by 
nrthrodial membrane; one articulation point may be 
represented by a close podomere collilection rather 
than a true articulation; the articulation axis may 
be in any direction, if approximately vertical, the 
joint is operated by protractor and retractor muscles: 
if horizontal, the musc l es are termed depressor and 
levat.or (5), 
Any fairly flat cuticular feature, e.g. ventral 
margina l pla te of pros oma. 
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Pleurite 
Podomere 
Posterior 
Pretelson · 
Promoter 
Prosoma 
Lat eral sclerite of somite. 
Segment of a limb between two successive joints, 
i ncludes also the terminal segment, but not spines 
or endites; should not be used as a synonym of 
joint (2) (syn . leg segment) (1, 4, 5). 
To the rea r; for podomeres, assumes the limb is 
outstretched laterally (opp. anterior) (Fig. 5). 
Posterior metasomal segment anterior to the telson 
(2). 
Forward movement (in the anterior direction) of a 
limb (5). 
Anterior tagma of chelicerates, in front of 
opisthosoma, comprising embryonic somites I to VI; 
includes the prosomal appendages and hence is not 
synonymous with carapace (syn. celphalothorax, not 
syn. prosoma of Crustacea) (8). 
Protractor muscle Huscle which, on contraction, causes forward 
(promoter) movement of distal part pf limb at a 
Proximal 
Ramus 
Remo te r 
pivot jdint with a vertical articulation axis; 
antagonist is retractor muscle (5). 
Of a single podomere, or whole limb, towards the 
base (opp. distal) (Fig. 5). 
Branch of an appendage: in Chelicerata the 
appendages are ancestrally biramous, but in the 
prosomal appendages only one branch is present, i.e. 
the limb apart from the basal podornere (usually 
called the coxa ); the rarnus is thus synonymous 
with t e lopod in known chelicerate prosomal 
appGndages (pl. rami ) (4 ), 
Backward movement (in the pos terior di r ection) of a 
limb (5) . 
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Retractor musc le Muscle which, on contraction, causes backward 
(rerootor) movement of dista l part of limb at a 
pivot joint with a vertica l articulation (5). 
Right On the animal's right side. 
Scaphoid process Upturned-boat-shaped process adjacent and 
posterior to the infero-anterior articul at ion on the 
proximal border of podomere 2 of limbs IV, V and VI 
of Ba ltoeur:vpterus; this articulation i s one of 
the .s tronges t in Baltoeurypterus , and is associated 
with locomotion. 
Sclerite 
Sensill um 
Seta 
Semite 
Spine 
Sterni te 
Superior 
Tarsus 
Telopod 
Tendon 
Cuticular plate, surrounded by less sclerotised 
cuticle. 
Cuticular sense organ , generally excluding eyes, 
usually companiform or setiform (pl. sensilla). 
Hair- like process of cuticle with which it is 
articulated (by arthrodial membrane only) (pl. setae) 
(1, 4). 
Body segment, which may exist only -in ear·ly ontogeny 
( 1 ) • 
Pointed cuticular process not articulated at base (4). 
Ventral sclerite of somite (1). 
Of a podomere, upwards if the limb is outstretched 
laterally (opp . inferior) (Fig. 5) , 
Most distal podomere on a limb bearing a distal joint. 
Part of appendage di stal. to coxa (see ramus) (1 , 4), 
Non-contractile, flexible, intramuscular tissue , 
regarded as chitinous and ectodermal in origin , 
generai l y found where the need for flexure at a joint 
is greater than that of strong l ocomotory movements, 
and where there is little room for muscles, e.g. on 
terminal podomeres. 
Tergite 
Terminal 
Tibia 
Torsion 
Trochanter 
'l'ubercle 
Type A. 
Type B. 
Ventral 
Dorsal sc lerite of somite (1). 
At the clista l end of a limb, podomere, carina, e tc. 
(opp. basal) (3) , 
Podomere .between patella and tarsus. 
Applied to podomeres, twisting which has occurred 
during evolution, causing e. g . a once superior 
surface to become anterior in position; usually 
discovered with reference to chaetotaxy. 
Podomere(s) between coxa and femur; podomere 2 of 
limbs II to IV and podomeres 2 and 3 of limbs V and 
VI of Baltoeurypterus may be homologous to and are 
analogous to the trochanter of other arthropods. 
In Baltoeurypterus. squat cuticular process, neither 
pointed (rnucro, spine) nor lunulate, and usually 
bearing follicles. 
See female. 
See male. 
Of the body or coxa only, situated towards that part 
of t he body of the animal normally nearest the 
substrate (opp. dorsal) (Fig. 5). 
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Figure 5. 
Lateral (right) 
' 
/ 
Anterior 
Dorsal 
Posterior 
Mesial ,.._ "''.\.. 
-~~· 
Posterior 
~Superior 
-y:s:o"f..-1,.~ . 'i:>-t'3-'\. ! Inferior JI ,~.,_ · f . Anterior . 
Ventral 
Figure 5. Diagrammatic reconstruction of Baltoeurypterus to explain directional terminology. Ventral surface and appendages (except limb V) omitted, part of carapace cut away; dorso-antero-lateral aspect. 
Dorsal and ventral refer to the body and coxae II to VI, superior and inferior refer to the other podomeres, and only coincide with dorsal and ventral when the appendage is o,utstretched in the horizontal plane. 
Chapter 4 , 
THE CAfl~PACE AND ASSOCIATED ORGANS 
a) THE CARAPACE 
The general morphology of Baltoeurypterus has been 
described by Holm (p. 7), Schmidt (1883) and Nieszkowski (1859) . 
The prosoma, which is of most interest here, consists of a dorsal 
carapace (for terminology see Chapter 3e) and ventral structures, 
including appendages, and a pair of marginal plates. The anterior 
and lateral carapa ce rim is bent under onto the ventral surface 
forming a doublure. The ventra l margi nal plates are not part of the 
doublure (cf. St,6rmer, 1955) but are attached to it by a suture 
which was probably utilised in ecdysis (Chapter 2d). 
The carapace is usually preserved intact. It is 
thus welJ. kno'l'm and bas been used in statistical studies (Andrews 
et al., 1974; Brower and Veinus, 1974). It is reconstructed on 
Figure 9. Holn (Pl. 1, fig. 1; Pl. 5, fig. 4) figures a fine 
specimen of a female (for sex differences of prosoma see Wills , 1965, 
p. 138). T~e carapace does not exhibit the prominent ridges and 
furrows characteristic of the related xiphosurans, but there are 
some obviously elevated areas. An idea of the origina l convexities 
of the carapace rr.ay be gleaned from a study of the compressional 
folds and splits . These folds have been interpreted as actual 
ridges (Nieszkowski, 1859) . The reniform lateral eyes are the mos t 
noticeable protuberances on the carapace· (Pl . 4, fig. 3). 
Longitudinal folds occur near the lateral edge of the eye when it i s 
compressed. Longitudinal fo l ds are also seen at the edge of the 
carapace, and oblique folds occur elsewhere on the carapace, 
especia lly at the anterior. Thes e folds probably indicate areas of 
greater convexity. Splits are seen on the carapace rim. Normally 
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Plate 4. figure 1. I3406/6 X4. Carapace, dorsal aspect, and first mesosomal 
tergit~ attached, shoiving deep recess for prosomal - mesosomal flexure. 
fi~e 2. Ar 49936 XjO. Postero-inferior cari~a of podomere V4, distal to 
top, narrow, raised lunules or denticles, some folliculated. figure 3 . 
Ar 35307 X1.75. Carapace and parts of mesosomal tergites, dorsal aspect. 
figure 4. Ar 49935 X36.5. Podomere V5, distal joint, inferior aspect. 
figure 5. 13406/31 X28.5. Scaphoid process of proximal infero-anterior 
articulation of podomere V2, inferior to bottom, distal to right. fi~~re 6. 
Ar 47279 X14. Right lateral eye, dorsal aspect, somewhat crumpled, shmving 
facets arranged in files, logarithmically decreasing in size from "eyebrow" 
(left), which bears large follicles. figure 7. 131±06/31 X28.5. "Striated 
membrane", arthrodial membrane with tendon remnants, from inferior edge of 
proximal joint of podomere V2, interior aspect, distal to left. figure 8. 
134:06/25 Xl,000. Seta from branchial area, base at bottom, ?broken tip, 
lumen visible. figure 9. Ar 50177b X27. Infero-anterior articulation of 
coxa - podomere 2 joint of limb V, distal to right, inferior to bottom. 
figure 10. Ar 35637 X5. Carapace, ventral aspect (partly external mould) 
covered with ostracodes (in positive relief). figure 11. Ar 1±99t18 Xl1:1.5. 
Distal sup erior articulation of poclomere II3, interior aspect, distal to 
left. figure t2. Ar t19936 X30. Supero-posterior carina of podomcre V4, 
narrow, raiseu lllllules or denticles, some folliculated, in distinct keel, 
distal to top. 
Figure 6. Ar 35307. Figure 7. Ar ~9935. Figure 8. Ar 50177b. 
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these are at right angles to the rim, but may be parallel to it. 
Transverse splits are sometimes seen on the postero-median tubercle 
field ("Ca rdiac lobe"). Splitting indicates where cuticle extension 
has occured during dorso-ventral compression. 
Dark-coloured and ornamented cuticle probably 
indicates raised areas, this is well seen on Plate 4, figure 3 and is 
described by Nieszkowski (1859). The postero--median triangular area 
of dark, r aised lunules and tubercles was probably the highest point 
of the carapace in life, and may correspond to the cardiac lobe of 
xiphosurans (Eldredge, 1974, p. 36). Clarke and Ruedemann (1912, 
p. 32) call this the glabella. It is not possible to say whether or 
not the heart is accommodated beneath it (Clarke and Ruedemann (1912, 
p. 34). The lobe is bounded laterally by pale areas and then by 
further dark patches. It may not be incorrect to interpret the 
darkening and lightening of the cuticle as thickening and thinning 
and hence perhaps as depressions and swells respectively. It is in 
this region that muscle scars might be expected, and it is possible, 
by analogy with Limulus, to interpret the liehter cuticle as muscle 
attachment areas adjacent to the furrow. A pair of pale spots on the 
frontal raised areas may also be interpreted as muscle scars, perhaps 
of the anterior plastro-tergal nuscles ( cf. Limulus, Lankest er et al., 
1885). At the anterior tip of the postero-median lobe lies a patch 
of small lunules in a dark field, where the dark patches bounding the 
lobe converge and meet dark areas from the anterior. Immediately 
anterior lie the two ocelli. A dark triangle in front of the ocelli 
is interpr eted as a slight node by analogy with Limulus (Fig. 9), and 
the suggested function Df the ocelli (Chapter 4b) . The lateral parts 
of the carapace are generally steeply incli ned, as evidenced by t he 
l ongitudinal compression folds , but a t the front t her e i s a pa i r of 
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Figure 9. Reconstruction o! carapace from A, anterior, B, 
supero-antero-lateral and C, lateral aspects. 
Figure 9. 
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elevated areas, running from behind the ocelli to the anterior 
margin. Thes e tubercled areas (which coalesce in the female) bound 
a median depression. 
b) THE EYES 
Wills ( 1965, p. 101 and Ppl. 1, figure 1) showed 
that Holm (unpublished plates) had discovered the compound nature 
of the lateral eyes. A better photograph of the same specimen is 
shovm here (Pl. 4, fig. 6) and it can be seen that the lens-packing 
system is of the logarithmically decreasing type (Clarkson, 1975, 
p. 20 and Fig. 5K), and similar to that found in the trilobite 
Scutellum (Parale:iurus) cao.paniferum (Beyrich ) (see Levi-Setti, 
1975, Pl. 15). It will be apparent from Figure 10 that the visual 
fields of the compound eyes were wide and overlapped a great deal in 
front. This great anterior overlap of the visual fields implies 
stereoscopic vision in this direction, a prerequisite for an active 
predator (Stockton and Cowen, 1976). 
Compound vision however, would have been poor postero-
dorsally. The paired median ocelli, which appear to have been 
situated postero-laterally on a small raised node, would have 
effectively detected movement in this otherwise blind segment 
(Fig. 10). Although it is most probable that the paired median 
ocelli are light sensitive, the specific function of arthropod oceJ.li 
is still in debate (Goodman, 1975). Fortey and Clarkson (1976) 
describe a single median glabellar tubercle in the trilobite Nileus 
which they suggest is sensitive to light intensity in the dorsal 
blind spot of the compound eyes. The cuticle is extremely thin over 
the ].al tocmrypterus ocelli, as it is on the Nileus tubercle. There 
appears also to have been an overlap of ocellar visual fields (Fig. 10). 
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Figure 10. Diagrannnatic polar stereographic projection of 
visual fields of lateral eyes and median ocelli, anterior 
to top. 
Figure 10. 
Visual fields of right and left lateral 
eyes. 
)uiterior and posterior overlan of 
vis:rnl -fields o_,, 1 t 1 1 
• 4 a ere eyes. 
Visual fields of median ocelli. 
Ov~rlap of visual fields of me8.ian 
ocelli. 
Ilassenstein ( 1951) sho,;ed that a. pair of ommatidia in a. compound 
eye was required to de tect movement. Therefore the paired median 
ocelli of Ba.ltoeurvpteru~ could have sensed the direction and 
movement of predators approaching from above and behind. On the 
basis of the morphology and posit ion of the eyes, ]3al toeurypte:rus 
appears to have been both hunter and hunted. 
c) THE VENTRAL MARGINAL PLATES OF THE PROSOM.A 
Holm (p . 9) describes the marginal plates in detail. 
The comparative morpholo gy and developmen t of the marginal pla tes 
of eurypterids genera lly are discussed by St6rmer (1934), 
Baltoeurvpterus apparently has a simple ventral plate system, 
consisting merely of t wo marginal pla t es which broaden anteriorly 
to where they join at a median suture (Pl. 5, fig. 2). Together 
they form a horseshoe shape. Mesially the plates grade into thin 
ventral cuticle surrounding the coxae. The coxae are commonly 
found attached to the marginal plate at the lintel (Pl. 5, fi gs. 5, 
6 and 7) . One feature of the marginal plates not reported by 
previous writers , is a dark spot (or mound when i n rock in negative 
hyporelief) situated just anterior to the antero-superior lintel 
lobe of coxa V (Pl. 5, figs. 2 , 5 and 7), The function of these 
spots i s not kno\m, but they may be "ventral eyes" (cf. postlateral 
spots of E.1JP,;hrailleri a, St,6rmer, 1934) which have migrated 
posteriorly, or muscle scars, but the possible function of such a 
muscle is hard to envisage. 
The suture of the marginal plates with the carapace 
runs just inside the ventral surface, gradually nearing the edge 
posteriorly until a short distance fro m the postero-lateral corner 
of the carapace where it turns out,mrds and runs along the carapace 
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edge. It continues round the postero-lateral corner and ends a 
short distance along the posterior edge of the carapace (Pl. 5, 
fig. 6). By comparison with Limulus, it is probably no longer 
functional as an ecdysial suture from the place where it leaves 
the ventral surface. 
Although the plates tend to grade into the t hin 
ventra.1 cuticle around the coxal bases, the marginal plate has a 
distinct nesial edge (Pl. 5, fig. 2). Plate 5, figure 2 shows much 
wrinkling of the mesia l part of the marginal plate, which suggests 
that in life the plate would have curved down from the base of the 
chelicerae and anterior coxae to the carapace rim. 
d) THE LABRUN 
The labrum. has not hitherto been described in any 
eurypterid. Wills (1965, p. 104) mentions some "la.bral skin" which 
he encountered on one of his specimens (not figured). This labral 
skin does not appear to be equivalent to the labrum .described here. 
Holm (p. 11) says he can find no structure in Baltoeurynteru~ to 
compare with the "lancet-like pla.te" ( the l abrum ) of Limulus. 
Plate 5, figure 1; Plate 6, figures 2 and 3; and 
Figu:re 17A show the labrum and its relations to the surrounding 
podomeres. It takes the form of a curved lath, the edges of which 
are attached to the anterior l appet of coxa II. Ventrally it thins 
into the cuticle of the mouth cavity. Dorsally the edge is bO'\'Ted 
and there are supero-posterior lateral extensions which may be 
associated with muscles passing to the b~se of the chelicerae (Pl. 6, 
fig. 3). A strip of cuticle extends for.m1·ds from the dorsal edge 
of the labrum, and merges into the thin ventral prosornal cuticle. 
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The anterior surface of the labrum bears a row of lunul.es . The 
Limulus labrum (Pl. 6, fig. 6) also bears a line of thickened nodes 
on this surface. 
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Plate 5. figure 1. !3406/10 X12. Chelicera, anterior aspect, labrum 
and gnathobase of coxa II, oblique ventral aspect. figure 2. 
Ar 35669 x5.5. Right ventral marginal plate of prosoma, dorsal 
aspect, parts of limb II , male, anterior aspect. figure 3. 
Ar 50048 X16.5. Coxae II to V, ventral a.spect,.showing radiating 
arrangement. fi~.ire 4. I3406/9 X10. Cbelicerae, ventral aspect, 
anterior to right, movable enclite of coxa II on left. figure 5. 
Ar 49961 X5. Ventral marginal plate of prosoma, posterior part, 
showing attachment to proximal podomeres of limb V. figure 6 • 
. Ar 50H1,0 X6. Left ventral marginal plate of pro soma, po.sterio part, 
ventral aspect, with attachment to lintel of coxa VI. figure 7. 
Ar 117578 X5. Ventral marginal plate of prosorna, showi!lg attachment 
to coxa V, anterior to top. figure 8 • . Ar 35330 X11. Anterior coxae, 
ventral aspect, ru1terior to top, showing radiating arrangement. 
Figure 11. I3l106/10. Figure 12. Ar 35669. Figure 13 . Ar 500118. 
Figure 11:1. Ar !19961. Figure 15. Ar '-17578. Figure 16. Ar 35330. 
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Chapt er 5. 
THE CHELIC ERAE 
a) THE CHELICERAE - FORM 
Hall (1859) anticipated the form of the chelicerae 
in Balto eu...:r..v:n t erus, but t hey were not adequat ely described until 
1898 (Holm, p. 11). The chelicera is situated bet ween the labrum 
and coxa II (Fi g. 17A) , and is reconstructed on Figure 17B. The 
chelicera consists of three podomer es . 
The basal podomere of the chelicera was not well 
known to Holm, but he fi gures a specimen (Pl. 3, fig. 4) which shows 
the distal joint. This podomere has a "streamlined'' cross section, 
-
the sharp, inferior edge fitting into the crevice behind the lappet 
of coxa II. i'he superior surface, which pointed forwards in life, 
bears a row of lunules with cusps proxi mal (Pl. 6, fig. 7). The 
other surfaces are smooth. The proximal edge s hows no apparent 
articulation , but the inferior corner is extended into a gutter-li~e 
projection, which may have housed a muscle running to the 
endosternum . Strong anterior and weaker poster ior articulations are 
present on the widest part of the distal joint. Inferior to the 
articulations the distal border is thickly fringed with setae, 
especially on t he ant erio r side . A l arge , serra t ed spine l ies at 
the extreme i nfero-distal corner (Pl . 6, figs . 7 and 9). 
Podomeres 2 and 3 compris e t he pincer . Holm fi gures 
some examples (Pl . 3, figs. 1 , 2 , 4 and 5) but does not desc r i be 
them in det a i l (p. 12 ) . The form of podomer e 2 i s readily s een 
from Plate 6, f i gures 4, 5 and 10 . I t wi l l be noticed t hat the plane 
of the pr oxi ma l jo i nt is not a t right angles to the longitudinal axi s 
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Figure 17- A. Reconstruction of right coxa II, chelicera 
and labrum to show relationships, antero-lateral aspect. 
B. Recons.truction of chelicera with suggested musculature, 
posterior aspect. 
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of the })Odomere, but is bevelled, and the superior side is extended 
while the inferior side is emarginated. Articulations may be seen 
at this joint on Plate 6, figures 4, 5 and 10. Follicles are 
present on the surfaces of the podomere and are most dense on the 
superior and distal sides, and especially on the outer surfaces of 
the fixed finger of the pincer. It will also be noticed (Pl. 6, 
fig. 10) that the anterior surface of podomere 2 is flatter than the 
other sides. This helps the two chelicerae to work more closely 
together. The distal joint occurs supero-posterior to the fixed 
finger. The joint plane is at right angles to the long axis of the 
podomere and there are two articulations, one supero-anterior and 
one infero-posterior. The fixed finger of the chela has a fairly 
straight inferior surface and the tip is slightly hooked. 
Podomere 3, the movable finger of the chela is more 
markedly curved. A tendon for the closer muscle can be seen at the 
proximal joint on Plate 6, figure 5- Limulus chelicerae bear a row 
of stiff bristles along the lines of contact of the chela fingers. 
Similar bristles are not found on the Baltoeurvpter~s chela, instead 
a straight, stiffened ridge, without follicles, is present on the 
supero-anteriof (concave) surface of podomere 3 (Pl. 6, fig. 5), The 
fixed finger also has a ridged infero-posterior surface. It will 
also be seen from Plate 6, figures 5 and 10 that the tip of podonere 
3 is hooked, and when the chela is closed, this tip slides superior 
to the tip of podomere 2, thus ensuring th~ correct alignment of the 
fingers (Pl . 6, fig. 1). 
Plate ·6, figure 8 shows a pair of chelicerae 
together in comparison with Limulus chelicerae on Plate 6, figure 6. 
In both cases, the movable finger (podomere 3) is to the outside 
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Plate 6. figure 1. Ar 50163 x3G.5. Cheliceral chela in closed 
position. figure 2. Ar 50022 X1l1:. Labrum, ant~rior aspect, 
movable endites of coxae II and III. figure j. Ar 50070 X10. 
Labrum. figure 4. Ar L.19950 X23. Podomere 2 of chelicera, posterior 
aspect. figure 5. Ar 49952 X23. Podomere 2 of chelicera, posterior 
aspect, podomere 3 of chelicera, anterior aspect (displaced), 
tendon of closer muscle visible outside podomere 2. figure 6. 
· Limulus :x.tO. Chelicerae, ventral aspect. figure 7. Ar l.19967 X10. 
Podomere 1 of chelicera, ru1Lerior aspect, distal to left, inferior 
to top. figure 8. A:r 353h!1 X21. Chelicerae in situ, ventral aspect. 
figure 9. Ar 49967 x9.5. Podomere 1 of chelicera, posterior aspect, 
proximal to top, inferior to right. · figure 10. Ar 49952 X18.5. 
Podomcre 2 of chelicera, ru1terior aspect, displa6ed podomere 3. 
Figure 18. Ar 50070. Figure 19. Ar 50022. FiguTe 20·. Limulus. 
:Figm·e 21. lu: 353l1)1: . 
(see also Pl. 5, fig. 4). This presumably, is to prevent 
interference of the movable fingers during feeding. However , the 
chelicerae are commonly figured in the reverse posture. 
Brachyopterus (Stvlonurus ) J)entaa;ona lis. (St~rrner, 1933, figs. 15 and 
I 
32, Pl. 10, fig. 5) appears to show a reverse posture, but the 
preservation of the chelicerae is poor. CJ.arke and Ruedemann (1 912, 
Pls . 67 and 68) recons t ruct Pterygotvs buffaloensis (f. (Acut~~.:.:.~.:?_) 
macroph'chalmus cummiugsj_) with the chelicerae reversed and a gain 
(Clarke and Ruedernann, 1912 , Pl. 74) there is no evidence for this. 
Stirmer ( 1955, fig. 22) illustrates Pterygotus (Acutiramus) after 
Clarke and Ruedemann (1912) with reversed chelicerae, and Pterygotus 
(Pterygotus) and Erettopterus (Truncat iramus) with unreversed 
chelicerae. Kjellesvig-Waering (1964, text-figs. 1 - 10) shows 
pterygotid chelicerae in every conceivable posture (see Chapter 5c). 
For the reason outlined above, and by analogy with BaltoeurYQterus, 
there seems to be no reason to reconstruct pterygotid chelicerae in 
the reverse posture. According to Sarle (1903, Pl. 11, fig. 3) the 
chelicerae of Hughrd lleria socialis had the same posture as those of 
Baltoeurvpterus in life. 
b) THE CHELICERAE - FUHCTION 
The reconstruction on Figure 17B includes some 
hypothetical muscles. The body - chelicera joint in Limulus is highly 
mobile. Podooere 1 rotates about an enlarged anterior condyle (Pl . 6, 
fig. 6). In BaltoeurypJerus there appears to be no articulation at 
this jofot. i':aximum flexibili ty of the chelicera would have occured 
at the podomere 1 - podomere 2 joint. Although constrained by its 
position between the la:bruw. and coxa II , some antero-posterior 
movement was probably possible. The mechanism suggested for this is 
flexure by f'l ch2 end (Fi ? . 17B) acting against haer:i.ocoelic pressure 
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which, on fl ch2 end relaxation, would restore podomere 1 to its 
origina l position. 
The podomere 1 - podomere 2 joint bears a strong 
anterior and weaker posterior articulation. The musculature would 
have consisted of (Fig. 17B) a simple flexor and extensor system. 
The flexors suggested include one which originates on the 
endosternum, and an anterior and posterior which originate on 
podomere 1. The extensor originates on podomere 1. '.l.'he musc l es 
are reconstructed to insert on the proximal margin of podomere 2. 
A simple opener and closer muscle system (Fig. 17B) 
would have operated podomere 3, as suggested by St$6'r111er ( 1936, fig. 
for the chela of Jaekelopterus rhena.niae. These muscles arise on 
podomere 2 and insert on the proximal margin of podomere 3. As the 
articulations at the podomere 2 - podomere 3 joint are situated at 
opposite sides of the joint, rather than close together and distant 
from the insertion of the closer muscle, the mechanical advantage 
of the system is low (Chapter 5d). It is most probable that, as in 
Limulus, the chelicerae were mainly e~ployed in helping to push food 
into the oral cavity and catching pieces that are dropped by the 
gnathobases. A strong gripping or cutting action was not possible. 
Plate 5 1 figure 4 shows the chela in an open positicm, and Plate 6, 
figure 1, the same when closed. 
c) COI-IPARATIVE HORPHOLOGY OF EURYPTERID CHELICERAE 
Chelate appendages are adaptively exploited for 
feeding in t wo mai n grQups of a rthr opods , the Chelicera ta and the 
Cr us t acea Brachyura . The chel icerae of spiders have bec ome adapted 
to a variety of behavioural f unc tions and the ancestral sha pe has 
I ' 
' 
been lost (Bristowe, 1954). Scorpions use both chelicerae and 
chelate pedipa l ps in f eeding. In the crabs the cheliped has 
( 
II become a dapted to a grea t variety of functions Schafer, 1954) 
with the chela retaining its use in feeding. 
Eurypterid cheHcerae f a ll into three types. The 
Eurynterus t ype is small and is found in all eurypterids except the 
pterygotids and hughmilleriids. The Hughmilleria type is also not 
large , but is heavily built, and is found in the Hughmilleriidae. 
The Pterygotus type i s large and is found only in the suborder 
Pterygotina . Comparisons may be made between the eurypterid 
chelicerae t ypes and crab chelae, Limulus chelicerae and scorpion 
chelicerae and pedipalps. 
The Eurypt eru s type of chelicera resembles the 
chelicera of Li~ulus, and may similarly have been used to aid in 
pushing t he focd into the ora l cavity. The Hughmilleria type is 
nearer to the Eurypterus type morphologically than it is to the 
Pterygotus type. Hughmilleriid chelicerae are a little larger 
than the Eurypteru&, type and may be compared to the scorpion 
chelicera (Fig. 22G) or to the cheliped of a crab such as Cancer 
(Fig. 22F), both of which are used for cutting up food into 
manageable pieces for the mouth. The Ptery,<?:otus type of chelicera 
is extremely long. There has been much debate regarding the 
number of podoneres constituting the chelicera, culminating in 
Kjellesvig-Waering's (1964, see a l s o for a ' summary of this debate) 
protracted discourse on the need for a chelj_cera of four po domeres 
in the pterygotids. He. cons iders the chelicerae were used not only 
in capturing prey, but also f or slicing i t up and conveying it to 
the r.Jouth, and has produced figures showing pterygotids performing 
1*9 
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these functions as well as other quite impr obable gymnastics 
(Kjellesvig-Waering, 1964, 1<,igs. 1 to 10). He reasons that food 
could not be placed in the mouth cavity with a single long podomere 
1. Although the logic of the argument seems plausible, the 
evidence from the fossils is not convincing. The photographs do 
not show a joint capable of performing the actions ascribed to it. 
The cheliceral muscle system would have to have been extremely 
complex to have produced the movements suggested by Kjellesvig-
Waering, whilst the podomeres do not appear to have had either the 
capacity or have provided adequate anchorage for them. Kjellesvig-
Waering (1964) compares the pterygotid chelicerae to the supposedly 
four-jointed chelicerae of A_glaspis .§J2.foifer (Raasch, 1939), the 
preservation of which again does not appear to have been favourable 
enough to reconstruct theR with certainty, and this animal has now 
been removed from the f'ierostomata (Briggs et al., 1979). 
There is no evidence to suggest a chelicera of four 
podomeres in the Pterygotina rather than one of three, as in all 
other eurypterids. It is also not necessary for food to be placed 
in the mouth cavity by the chelicerae, but merely passed onto the 
other limbs for this purpose. If Pterygotus settles on the substra te 
to macerate the prey, then there is less chance of pieces being lost 
in the feeding process. The pterygotid chelicera is well adapted 
for catching, and to some degree slicing up prey, but not for aiding 
the gnathobasal mastication . The adaptive stratagem is explained in 
the next section. 
d) BI0f-1ECHANICS AND CHELICERAL I10RPHOLOGY 
It will be apparent t hat, despite their superficia l 
mor phologi cal s imilari ty , chelate appendages may be adap ted to many 
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different functions. The simple chela may close upon an object 
gently or firmly, fast or s lowly. In general, these are correlated 
so that a lever sys tem can produce either strong but slow movements 
or fast but gentle ones (cf. legs, Manton, 1977, p. 204). Usually 
chelae are developed to produce one type of action or the other. 
Intermedia tes are rare, being too generalised. The requirements of 
both types o·r action on the same animal have resulted in: 
a) both chelate pedipalps (fast) and chelicerae (strong) in scorpions; 
b) dimorphic chelipeds (one fast and one strong) in crabs (Warner, 
1977, p. 2 9) . 
Two factors are important in the design of a chela: 
a) the type of muscle, fast, weak (phasic) or slow, strong (tonic); 
and b) the mechanical advantage (MA) of the morphology (Table 1). 
Warner and Jones ( 1976) have sho,m that these may be correlated in 
crab chelae. A fast muscl e works a system with a low Yi.A and vice 
versa. The muscle type cannot be deter;:iined in the fossil, so only 
MA can be investigated. In Figure 22F, HA= 11/12 ; F1 is the force 
applied to the system to produce F2; F1L1 = F2L2 (Warner and Jones, 
1976). F2 increases with the HA , but the speed and distance moved 
decrease in proportion. If the object being pinched is nearer to 
the fulcruo than the chela tip , then 12 is sho1·tened and the HA is 
increased (cf. the positions used to open a walnut versus a Brazil 
nut with nutcrackers ) . Some crabs (e .g. Ca l aJ2.1)_~, Fig . 22C) have 
developed a tooth and socket at the bas e of the chela for cracking 
thick-shelled molluscs using this princiiple • 
. The E.urypterus type of chelicera, although short, 
probably did no t have a particularly high HA (Chapter 5c) . It 
compares with the Li.mulus chelicera in being fast for its size, but 
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not strong, and was used for catching pieces of food dropped by the 
gnathobases , and genera lly hel pi ng transport of food to the mouth. 
The Hu,c;,;hJniller ia cbelicera type j_s sturdily built, it may well have 
had a high :t-IA and be en quite str ong. A function in cutting up food. 
as well a s passing it on to the gnathobases is suggested. 
Pter ygot id chelicerae, on the other hand, are 
extremely long , have a low HA (Table 2) and are generally well 
suited for f as t, snapping movements. Their recurved tips and teeth 
aid in r etent ion of struggling prey. The saw-like tooth near to the 
fulc rum in .!:_t erygo t us (Acutiramus ) (Fig. 23B), as well as the l arge, 
sharp teeth in a simila r position in other subgenera, could rapidly 
slice up food using the higher NA ga ined fro m occupying tha t 
position. The pterygotid chelicera compares with both the slender, 
snatching che la of Iliacanthus (Fig. 22E) and wi t h the fast slicing 
chela of Callinect es (Fig. 22B). 
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Table 1. Summary of characteristics of chela types. 
Table 2. Comparison of mechanical advantage i~ pterygotid 
chelicerae to that of crab chelae. 
'*1 3 Mean MA, from Warner and Jones (1976, fig. 1). 
4 Measured from Waterston (1964, text--fig. 3). 
5 Measured from (BH) 44359 
6,7,15,16 Measured from Kjellesvig-Waering (1964, Pl. 53, 
figs 1 and 2; Pl. 54, fig. 1; Pl. 56, fig . 2) . 
8,9 Measured from Waterston (1964, Pl. 3, figs 4 and 3 resp.). 
10 - 14 Measw.·ed from Holm (unpublished plates). 
Table 1. 
Characteristics 
Mechanical Advantage 
Muscle Type 
Muscle Contraction Distance 
Length of Movable Finger 
Strong, Slow 
Chela 
High 
· Mainly Tonic 
Short 
Short 
Weak, Fast 
Chela · 
Low 
Mainly Phasic 
Long 
Long 
Length of Hand (to accormn- Short 
odate contraction of muscle) 
Thickness of Hand (to accomm- Thick 
odate muscle bulk) 
Long 
Table 2. 
* MA. 
1 0.329 ± 0.010 (n=20) 
2 0.24:8 ± 0.066 (n=16) 
_3 0.177 ± 0.006 (n=20) 
. . . ..................... 
4 0.144 
5 0 . 125 
6 0.17 
7 0.17 
8 0.115 
9 0.15.!i: 
10 0 . 171 
11 0 . 190 
12 0 . 114 
13 0 . 132 
H, 0 . 178 
15 0.20 
16 0.11 
. 
. 
·Thin 
: Species Measured 
Cancer pagurus 
Macropipus deplU'ator - strong chela 
" 
II fast chela 
. ...................................... 
Eretto:eterus (]l.) bilobus 
" 
It 
" 
" " " 
II 
" " 
" " " 
II 
" 
II 
E. (Truncatiramus) serricaudatus 
II ~ • ) sp. 
11 II II 
11 {11_0) osili ens is 
II (E . ) Spo 
Pterygotus (E.) le.narkensis 
P. (Acutiramus) macrophthal mus 
cummi ngs i 
. 
. 
. 
. 
-
. ' . 
n 
, Figure 22 • Chelae adapted for different feeding methods. 
A. Strong, crushing chela, Menippe nodifrons. B. Fast, 
cutting chela, Callinectes sanidus. C. Chela with prox-
imal teeth for cracking mollusc shells, Calanpa sp. 
D. Serrated, spoon-tipped chela for scraping algae from 
rocks, Mithrax verruco sus. E. Slender, sharp-toothed 
chela for snatching at swinnning prey, Iliacanthus sp. 
F. Strong, gripping and tearing chela, Can~er pagurus, 
showing derivation of mechanical advantage (see text). 
G. Scorpion chelicera, strong, gripping and tearing 
chela, Buthus sp. (A - E from Warner, 1977; F from Warner and Jones, 1976; 
G from Savory, 1935). Scale bars represent 10mm. 
,. 
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Figure 23. Pterygotid (A - E) and hughmilleriid (F) chelicerae. 
A. Pterygotus (Pterygotus). B. f.• Acutiramus). C. 
Erettopterus (Erettopterus). D.]_. Truncatira.mus). 
E. Jaekelopterus rhenaniae. F. Parahurrhmilleria hefteri. 
(A - D from Kjellesvig-Waering, 1964; E from st;rmer, 
1944; F from St~rmer, 1973). 
Scale bars represent 10mm. 
Figure 23. 
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Chapter 6. 
PROSOMAL APPENDAGE II 
a) INTRODUC'I'ION TO APPENDAGES II , III AND IV. 
Both Holm (p. 12) and Schmidt (1883) observed tha t 
limbs II, III and IV are mor1)hologically similar, and that they are 
seen to radiate from the mouth cavity , limb II protruding beyond the 
carapace by two podomeres, limb III by four podomeres and limb IV 
by five podomeres. This is how Holm (Pl. 1, fig. 1; Pl. 2, fig. 1) 
reconstru.cted them, and he agreed with Schmidt (1883) that in life 
they were able to be retracted under the carapace. Plate 5, fi gures 
3 and 8 and Holm's Plate 2, figure 16 show the radiating arrangement 
of coxae II to IV. This radial coxal arrangement was probably 
present in life. 
Some of the main differences between limbs II , III 
and IV were described by Holm (p. 14), It is usually necessary to use 
details of cuticular sculpture to distinguish single podomeres. The 
major distinguishing criteria are sum.rnarised in Figure 24. Limbs II 
and III of the male (see Chapter 8) are readily distinguished by their 
sexual modifications. 
b) APPENDAGE II - INTRODUCTION 
Holm (p. 15 ) described the general morphology of this 
limb. An exploded reconstruction of the female form is given in 
Figure 25. The female form will be described, and the male modifica-
tions where appropriate. Plate 8, figures 2 and 7 show the general 
shape of the male end female rami respectively. 
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Figure 24. Limbs II, III and IV, distinguishing criteria. 
A. Diagrammatic inferior aspects, distinguishing features 
shown in black. a) Relative length of limbs (governed 
by number and length of podomeres). b) Limb II consists 
of 7 podomeres, limbs III and IV of 8. c) General increase 
in length of podomeres from limb II (in which they are 
broader than long), through limb III (in which they are 
as broad as they are long) to limb IV (in which they are 
longer than their breadth). d) Increase in length of 
coxal triangle from limb II to limb IV. e) Po dome re II2 
bears an anterior spine which is absent on podomeres 
' III2 and IV2. f) General increase in length of two fixed 
s~ines on penultimate podomeres from limb II to limb IV. 
g) Anterior movable spines on podomeres 3 to 5 of limb II 
are longer than, or as long as the posterior movable 
spines. Anterior movable spines on podomeres 3 to 6 
of limbs III and IV are shorter than the posterior movable 
spines. 
B. Dental formulae of gnathobasal teeth. Dotted lines 
enclose movable ventral teeth. 
C. Lateral aspects (diagrannnatic) of gnathobases, showing 
relation of movable (shaded) to fixed teeth. 
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o) THE COXA 
Excluding a supero-la.tcral protuberance (the lintel), 
. the shs.pe of the coxa is roughly that of a rectangular prism which 
narrows slightly towards the mouth cavity (Fig. 25), The coxa is 
atta.ched to the body along the whole of the dorsal and mesial 
surfaces. The coxal anterior surface (Pl. 7, fig. 2) is devoid of 
sculpture, but bears setae. A semicircular flap of cuticle, the 
lappet, is attached to the labrum (Pl. 6, fig. 2). The posterior 
surface of the coxa lacks a lappet and is more rounded at the dorsal 
edge than the anterior surface (Pl. 7, fig. 5), The posterior 
dorsal edge bears a row of prominent muscle scars. 
The ventral surface of the coxa consists of a 
roughly trapezoidal area (the coxal triangle) and the gnathobase. 
The coxal triangle (Pl. 8, fig. 1) bears raised lunules, many with 
follicles. The sculpture is most prominent at the anterior, mesial 
and distal sides of the coxal triangle. Holm (p. 15) cou..~ted 8 
teeth on the gnathobase and desc~ibed them as short, thick, stumpy 
and conical, lacking any regular arrangement. Eleven teeth in a 
posterior row of 8 and an anterior row of 3 may be discerned from 
Plate 7, figures 2 and 5; Plate 8, figure 1. This dental formula 
(see Fig. 24) is consistent in all specimens . The surface of the 
gnathobase is curved from ventral to mesial, the ventral teeth are 
the largest, most obtus e and are frequently lost (Pl. 8, f ig. 1). 
The mesial teeth are smaller, pointed and appear to be more firmly 
attached to the gnathobase. There is, hd,;-rever, a gradual 
transit ion from ventral to mesial teeth (cf. coxae III and IV). 
The surfaces of the te~th are smooth (Pl. 8, fig . 5) but the larger 
teeth bear sc tae . Long bristles and setae surround. the teeth (Pl. 15, 
fig. 9). 
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Figure 25. Exploded reconstruction of right limb II, female, 
antero-lateral aspect. · 
Figure 25. 
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A movable endita (the epicoxa of Holm) occurs 
adjacent to the gnathobase on the mesial surface of the coxa (Pl. 51 
figs. 1 and 4; Pl. 6, fig. 2; Pl. 12t fig. 4), This consists of 
a sac covered with setae. Bristles occur on the mesial surface. 
The lateral (distal) surface of the coxa consists of 
two parts. The lintel (Pl. 7, figs. 2, 4 and 6) is a lateral 
extension of the dorsal surface of the coxa which overhangs the 
distal joint. The supero-distal edge of the coxa is connected to 
the thin marginal plate of the ventral surface of the prosoma. The 
lintel is slightly bilobed; small lunules occur on its ventral 
surface. The distal joint, the coxa - podomere 2 joint, is oval in 
shape. Articulations occur at the infero-anterior and supero-
posterior positions (Pl. 7, figs. 2 and 6). The anterior articula-
tion is the most prominent. Large expanses of meillbrane occur at the 
dorsal and, especially ventral edges of the joint. 
d) PODOhERE 2 
The second podomere takes the form of a short 
cylinder, the ends of which are at right angles to each other (Pl. 8, 
figs. 3 and 6; Fig. 25). The superior surface is about six times 
the length of the inferior surface. Partly by this means, the ranus 
is incurved under the carapace. The proximal edge of the podomere 
bears infero-anterior arid supero-posterior articulations (Pl. 8, 
fig. 4) corresponding to those on the distal edge of the coxa. Away 
from the articulations, the proximal edge carries a large expanse 
of membrane. 
The cuticle of the podomere has a smooth outer 
surface, with a few faint lunules and some setae (Pl . 8, figs. 3 and 
6). The distal edge bears superior and inferior articulations 
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(Pl. 8, fig. 4 and Pl. 10, fig. 6 (compare with III2)). A spine 
lies in an infero-anterior position on the distal border (Pl. 8, 
figs. 2 , 4 and 7), This spine co~.monly has a minor apex at the side 
(Pl. 8, fig. 4). The spine may be lost (Pl. 8, fig. 3; Pl. 10, 
fig. 6) because it was set in thin cuticle and was movable. A row 
of small spines occurs arow1d the anterior distal edge and a row 
of setae on the posterior distal edge (Pl. 8, fig. 3), 
e) PODOHERES 3 TO 5 
Podomeres 3, 4 and 5 of limb II are similar in many 
respects, but podomeres 3 and 4 are sexually dimorphic. Figure 25 
gives reconstructions of the three podomeres in the female form. 
Rami of the two sexes can be compared on Plate 8, figures 2 (female) , 
4 and 7 (male) . Podomere 3 (female) is shown separately on Plate 7, 
figures 1 and 3; podomere 4 (male) is shovm on Plate 9, figures 
and 2, and podomere 5 is sho1m on Plate 9, figures 3 and 4. 
All three podomeres are broader than long, but there 
is a general tendency to increase in length relative to breadth from 
podomere 3 to 5, The podomere lengths do not vary around the 
circumference of each podomere, but the distal part of the inferior 
surface of each is composed of thinner cuticle which, in some 
specimens (e. g . Pl. 8, fig. 4), may give the impression of a shorter 
inferior length (cf. Holm, p. 14). On all three podomeres the 
circumference of the proximal edge is greater than that of the 
distal. The ratio of the proximal circumference to distal 
circumference increases from podomere 3 to podomere 5. 
The superior surfaces of the podomeres are fairly 
smooth, but some follicles do occur and these a.re mos t prominent on 
podomere 5. Anteriorly, the follicles increase in number, and on 
the anterior surface the follicles are most numerous near the 
distal border, where there are large mucrones. These mucrones are 
useful in distinguishing the podomeres. On podomere 3, the mucrones 
are small and their origin, as raised lunules, is obvious (Pl . 7, 
fig. 3). Podomere 4 bears four large mucrones, the largest being 
adjacent to the ariterior movable spine, the other three decrease in 
size superiorly along the distal border. Note, however, that the two 
largest mucrones are almost the same size (Pl. 8, fie. 4; Pl. 9, 
fig. 1). Podomere 5 also bears 4 large mucrones; one, the most 
anterior, is much larger than the rest and lies adjacent to the 
anterior movable spine (Pl. 9, fig. 3). 
Proximal to the mucrones lie some broad, raised 
lunules, the mucrones are also seen to grade into this type of 
lunule around the socket of the anterior movable spine. On podomere 
3 these broad lunules are symmetrical, they are less so on podomere 
4 and are distinctly 1-shaped on podomere 5, The lunules continue 
onto the inferior surface, extending in a roughly proximo-posterior -
antero-distal direction, and become narrower and smaller as they 
grade into raised follicles on the inferior surface (Pl. 7, fig. 3). 
The raised follicles increase in size and culminate in a large, 
multifolliculated tubercle at the base of the posterior movable 
spine. This tubercle can be seen to increase in size from podomere 
3 to podomere 5 and it assumes major importance on podomere 6. The 
size increase is seen well on Plate 8, figure 2. The band of 
follicles on the inferior surface is weak on podomere 5, but another 
tubercle is present on .this podomere, adjacent to the anterior 
movable spine (Pl . 8, fig. 4; Pl. 9, fig . 3). 
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rrhe posterior surface of these podomeres is smooth 
and bears very f ew follicles. The distal edge is smooth and bears 
about four br oad r aised lunul es ; these are weak on podomere 3 and 
are most prominent on podomere 5. 
The positions of articulations at the joints readily 
distinguish the three podomeres. Podomere 3 has two articulations 
on the proximal edge, one superior and one inferior in position. 
The dista l edge of this podomere bears an antero- superior 
articulation , and extending superiorly from this is a region of close 
connection (a "bar") along the hinge line. Podomere 4 mirrors this 
joint arrangement (Pl. 9, figs . 1 and 2) on the proximal border. 
Distally there is a single, superior articulation, adjacent to this, 
on the posterior side, can be seen a small, multifolliculated mucro. 
This feature occurs at all superior hinge articulations. Podomere 5 
therefore bears a single, posterior articulation proximally. At the 
distal edge there is an antero-superior articulation with a superior 
bar along t he hinge line. 
The large anterior and posterior spines were believed 
by Schmidt (1883) and liolm (p. 14) to have been movable. Being set 
in thin cuticle and thus easily lost, this is the obvious conclusion. 
The general shape of the spines in the female is that of an elon~ate 
cone, gently curved on t he inferior side. The posterior movable 
spine on Plate 7, figure 3 is very small and may be the result of 
regenera tion after injury. Note that when flattenedf this curvature 
is enhanc ed (Pl. 8, fi g . 2) . The spine surface bears follicles s e t 
in spi ndl e-shaped cuticula r thickenings (s tri~e) , ~r obably modified 
l unules (Pl. 9, fig. 1) . 'l'he ant erior movable spines of podomeres 3 
and 4 are modified in the male , presumably to aid in copul a tion 
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(Chapter 8). The modified spines may be seen on Plate 7, figure 4; 
Plate 8, fi gures 4 and 7; Plate 9, figure 1. Instead of taking 
the forrn of an. elonea te cone, th e anterior spine of po do mere 3 is 
squat and leaf-like in outline in the male. The male version of the 
anterior movable spine of podomere 4 is strawberry-shaped, with a 
pointed apex. Both modified :;;pines bear lmobs and asymmetric 
lunules on the proximal and dista l sides. This sculpture may be 
derived from the spindle-shaped thickenings on the conical spines. 
f) PODOHERES 6 AUD 7 
Amongst Holm's slides there are two particularly 
well preserved specimens of podomeres 6 and 7. These are Ar 49939 
(Pl. 9, figs. 7 and 8) and Ar 49949 (Pl . 9, figs. 5 and 6). 
Podomere 6 takes the form of an isometric cylinder 
· with a l arge, fixed spine on the anterior side and a much smaller 
fixed spine on t he posterior side; both are directed distally. 
On the inferior surface, close to the distal edge, lies a large 
multifolliculated tubercle. The proximal border bears a single, 
antero-superior articulation and inferiorly some tendon bases may 
b~ seen . The surface of t he podomere, especially the distal parts 
and the spines, bear follicles. The distal joint bears two 
articulations, situated anteriorly and posteriorly, at the bases of 
the spines. 
Podomere 7 is a simple, curved spine with longitudina l 
cuticula.r thickenings on the inferior, infero-anterior and infero-
posterior sides. The i -nfer ior side is s lightly concave between these 
thickenings. The proxima l border bears two articul ations , in 
anterior and pos terior posi tions. Inferior ly, a. raised boss marks 
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the a ttachment of a wide t endon. Superiorly, a narrow tendon may be 
seen on Ar 49949 , displaced to the outside of podomere 6 (Pl. 9, 
figs. 5 and 6) . Follicles are present over the whole surface of the 
podomere, and especially towards the apex. 
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Plate 7. figure 1. Ar 49948 X31. Podomere II3, superior 
aspect, distal to left. figure 2. Ar 49916 X24. Coxa II, 
anterior aspect. figure 3. Ar 49948 X31. Podomere II3, 
inferior aspect, distal·to top. figure 4. Ar 50132 X14. 
Anterior movable spines of podomeres 2 (bottom), 3 (middl·e) 
and 4 (top) of limb II, male. figure 5. Ar 49916 X24. 
Coxa II, posterior aspect. figure 6. Ar 50087 X12. Coxa II, 
posterior aspect. 
Figure 26. Ar 49948. Figures 27 and 28. Ar 49916. Figure 29. 
Ar 50087. 
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Plate 8 • figure :1. Ar 50029 X18. Coxa II, ventral aspect, 
4 movable teeth absent. figure 2. Ar 50158 X21. Limb II, 
female, inferior aspect. · figure 3. Ar. 49927 X22. Podomere 
II2, inferior aspect, distal on left. figure 4. Ar 50098 
X12. Podomere1:i 2 - 5 of limb II, male, inferior aspect. 
figure 5. Ar 3l.!:713 X60. Movable ventral teeth of gnathobase 
of coxa II. figure 6. Ar 49927 X22. Podomere II2, 
superior aspect, distal to top. figure 7. I3406/10 x17.5. 
Limb II, male, antero-inferior aspect. 
Figure 30. Ar 50158. Figure 31. Ar 50098. Figure 32. 
I3406/10. 
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Plate 9. figure 1. Ar 4991.1:1 X30. Podomere IIl1, male, 
inferior aspect, distal to top. figure 2. Ar 49941 X30. 
Podomei·e 114, male, superior aspect, distal to right. 
figure 3. Ar -'±9930 x35. Podomcre II5, inferior aspect, 
distal to top. figure 4. Ar 119930 X35. Podomere II5, 
superior aspect, distal to top. figures 5 - 8. Podomeres 
II6 and 117. figure 5. Ar l.!991.1:9 X26. Postero-inferior 
aspect. figure 6 Ar l199t.1:9 X26. Antero-snpcrior aspect. 
figure 7. Ar 4.9939 X 21. Superior aspect. figure 8. 
Ar li9939 X!i2. Infcro-posterior aspect, showing large, 
inferior multifollicula ted tubercle. 
Figure 33. Ar li99'11. Figure 31.!. 'I\.ro aspects of Ar 4991.1:9. 
Figure 35 . Ar 119930. 
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Chapter 7, 
PROSO;.TAL APPENDAGE III 
a) INTRODUCTION 
This limb, like the foregoing, occurs in a male and 
a female form. Holm (p. 15) describes the general morphology of both 
forms. Figure 36 is an exploded reconstruction of the female limb 
III. Plate 11, figures 2, 3 and 7 show the male form and Plate 11, 
figure 4 sboKs the female form of this limb. 
b) THE COXA 
The coxa of limb III is similar in basic shape to 
that of linb II, but they differ in some important details. The 
anterior surface of coxa III is similar in shape to that of coxa II, 
but there is no lappet. The submarginal muscle scar of the dorsal 
edge of t he anterior surface ceases to follow the edge masially, but 
describes a semicircle on the anterior surface away from the rr.esial 
edge (Pl. 10, fig. 5). The posterior surface is acutely angled 
dorsally (Pl. 10, figs. 4 and?). At this angle, there is an exterior 
invagination caused by the submarginal muscle scar being more dorsal 
than the true dorsal margin of the posterior surface. It is 
suggested that there was an attachment here for muscles to the 
endosternite (Fig. 36). Coxa IV (Pl. 13, fig. 7) has a rounded dorsal 
edge to the anterior surface, which would fit the shape taken by the 
true dorsal margin of the posterior surface of coxa III. Both the 
anterio r ar:d posterior surfaces of coxa III are smooth, but bear 
setae, e::;pecially antero-dis tally. "Stretch marks" (Pl. 10, fig. 5) 
occur on the mes i a l edge of the anterior surface and are similar to 
those seen on the Lirnulus coxa in this position. Both the anterior 
and posterior surfaces of the coxa were setose. 
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Figure 36. Ex-ploded reconstruction of right limb III, 
female, postero-lateral aspect. 
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The coxal t r i angle III (Pl. 10, figs.4 and 6; 
Figi 36) is longer transversely than that of coxa II; the 
sculpturing, however, is similar. Holm (p . 16) described two 
movable ventral teeth on the gnathobase, and two rows of fixed 
teeth, directed mesially, and decreasing in size mesially. In fact, 
the larges t fixed tooth described by Holm appears to have been set 
in fairly thin cuticle and beam setaJ. follicles (Pl. 10, fig. 8) 
and is therefore included here as a movable tooth (Fig. 36). There 
are two main rows of fixed teeth, and also a short row of small 
teeth on the posterior edge of the gnathobase. The teeth generally 
number less than thirty. Holm (p. 16) also mentions the bristles 
surrounding the teeth, which may be seen on Plate 10, figures 5 and 
8. A movable endite is also present on this coxa, and may be seen 
on Plate 15, figure 4. 
The distal joint of coxa III (Pl. 10, figs. 5 and 7; 
Fig. 36) bears a strong infero-a.nterior articulation and a slightly 
weaker supero-posterior articulation. The anterior edge of the 
joint appears to be curved, as would be expected in a joint with a 
circular section, whereas the posterior edge is straighter. This 
may reflect the proximity of the larger coxa IV behind, whose 
er transverse abduction might otherwise be hinded by the protruding edge. /,. 
The lintel of coxa III is more extensive but shallower than that of 
coxa II. 
c) PODOI~ERE 2 
This podomere is shown on Plate 10, figures 1, 2 and 
6, and on Plate 11, figures 2 and 4, a.nd Plate 12, figure 1, and is 
reconstructed on Figure 36. It differs in shape from podomere !!2 
in that both the proximal and distal joints deviate from circles . 
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Both the i nfcro-ante r ior and supero-posterior articulations oc cur 
on proximal extensions of the proxi ma l margin. These are s eparated 
by emargi nations bearing tendon bases. The infero- anterior 
articulation is the stronger of the two and resembles the "scaphoj_d 
process" of podomere V2 (q .v. ). 
The dista l edge bears a superior and an inferior 
articulation. The superior articulation occurs at the tip of a 
superior distal extension. The posterior distal edge is more 
emarginated than the anterior, thus permitting a slightly grea ter 
amount of flexure in this direction at the joint. There is a 
prominent row of spines, about five in number, just anterior to the 
superior articulation. Adjacent posteriorly to the superior 
articulation, the distal edge bears two tiny spines, but otherwise 
the edge is smooth until the start of a row of spines and setae 
along the posterior margin. The surface of podomere 2 bears only 
faint lunules running obliquely across the proximal part of the 
superc- posterior surface. This is followed on the distal part of 
the superior sur face by a line of large setae running towards the 
superior dist~l articulation (Pl. 10, fig, 2). 
d) PO DGrtiERES 3 ·ro 6 
Podomeres 3, 4 and 5 are sexually dimorphic, podomere 
6 i s no t . Figure 36 gives reconstructions of the female forms of 
the podomeres; Plate 11, figures 2 , 3 and 7 show complete rami of 
limb III, male . All four podomeres are approxima tely equant. The 
dista l podomeres are generally smaller than the proximal , except 
that the superior sur face of podomer e 4 i s markedly extended distally. 
This is most prominen t on the male (Pl. 11, figs. 2 and 3 ; Pl. 12, 
fig. 2) but is a l so present on the fema l e (Pl. 11, f i gs. 4 , 5 and 6). 
As in limb II, the inferior dista l border consists of f a irly thin 
cuticle , and the 1·a tio of proxima l circumference to distal 
circumference increases from podomer e 3 to podoroere 6, so that the 
podomere 6 - podomere 7 joint is quite markedly smaller than the 
pr oximal joint of podomere 6 (Pl . 12, fig. 6). 
In the female, the cuticle sculpture most readily 
distinguishes the podomeres of limb III from those of the other 
limbs. In particular, the superior surfaces bear narrow lunules 
which, except on podomere 3, ,·1hen distal bear f ollicles, and when 
proximal are broader. They grade into broader lunules anteriorly . 
The superi or surfaces of the podomeres of limb II are devoid of 
raised scul pture, tho se of limb IV bear more prominent raised lunules . 
The anterior surface bears broad, folliculated 
lunules. Their long axes trend more and more proximal - distal as 
the inferior surface is reached. Here the follicles may be absent. 
Distally, the broad lunules become large distal anterior mucrones, 
which, as on limb II, may help in distinguishing t he podomeres. On 
the more distal podomeres, the follicles on the anterior surface are 
arranged :iore densely and, especially in the male, the lunules are 
less raised. Podomere 3 bears a row of small mucrones in the female 
(E'ig. 36; Pl. 10, fig. 3; Pl. 11, fig. 6; Pl. 12, fig. 1). The 
male pod.onere 3 bears a row of small mucrones antero-distally, but 
the anterior movable spine is removed to the inferior surface, and 
an enormous mucro, which is probably der ived from the anterior mucro 
series, lies in a postero-inferior position (Pl. 11, figs. 2 and 7; 
Pl. 12, fig. 2) . Alth~ugh Holm makes no mention of this mucro , it 
may be seen i n hi s fi gures (Pl . 3, figs. 8 and 9; Pl. 4, figs. 8 and 
9; Pl. 6, fig. g), Podomere 4, female, (Fig. 36; Pl. 10, fig. 3; 
Pl. 11, figs. 5 and 6) bears three large mucrones antero-distally, 
the middl e one is the largest, and the inferior one is adjacent to 
the anterior movable spine. Similar mucrones are present on the 
male (Pl. 11, figs. 2 and 7; Pl. 12, fig. 2). The distal anterior 
mucrones on podomere 5 are very similar to those of podomere 4, in 
both the male (Pl. 11, figs; 2 and 7) and the female (Pl. 10, fig. 3; 
Pl. 12, fig. 3), although the small mucrones running superior to the 
main series are slightly more prominent in this podomere. In 
podomere 6, which is not sexually dimorphic, the middle mucro is very 
large, and all the rest are quite small (Pl. 10, fig. 3; Pl. 12, figs. 
3, 5 and 6). 
The inferior surfaces of podomeres 3 to 6 are similar 
to those of podomeres 3 to 5 of limb II. Narrow, raised follicles 
occur on this surface, and a single, large, multifolliculated tubercle 
occurs adjacent to the posterior movable spine. This tubercle increases 
in size from podomere 3, where it is small (Pl. 11, fig. 6) to podomere 
6, where it is large (Pl. 12, figs. 5 and 6). The inferior surfaces 
of the male differ in two ways. The mult:i.fo1liculated tubercle is 
absent from podomere 3, but the other podomeres resemble the female 
in this feature. Podomere 4, male, bears a slight raised boss (Pl. 11, 
figs. 2 a.nd 7; Pl. 12, fig. 2) adjacent to the multifolliculated 
tubercle. The large mucro of podomere 3 in the male has been referred 
to. 
The posterior surfaces of 'podomeres 3 to 6 bear only 
weak lunules in both sexes, except around the bases of the posterior 
movable spines. The dis_tal edges bear a row of sM.rp spines 
posteriorly in the female. Their number and size appear to be partly 
controlled by ontogeny . Small mucrones are present on podomere 6 
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in place of the spines (Pl . 12, figs. 3 and 6). The spines are 
absent from the ma ture male, but an immature male (Pl. 12, fig. 7) 
shows spines present on podomeres 5 and 6 . 
Antero-superior articulations occur at the distal 
joints of podomeres 3 and 6 (Fig. 36). Superior articulations occur 
at the distal joints of podomeres 4 and 5 (Fig. 36). Where antcro-
superior articulations occur, a superior "bar" occurs adjacent to the 
articulation, and the articulation itself appears to be weak. 
The posterior movable spines are longer than the 
anterior in the female, and both increase in length from podomere 3 
to podomere 6 (Pl . 11, fig. 4), In the male, the posterior movable 
spine appears to be absent on podomeres 3 and 4, but the anterior 
movable spine is present and of similar dimensions to that of the 
female, on podomeres 5 to 6. On podomere 3, however, the anterior 
movable spine is inferior in position in the male. The posterior 
movable spine is present on podornere 5 (Pl. 12, fig. 8) even though 
this podomere bears the large "scimitar lobe". Wills · (1965, p. 102) 
considered that the posterior movable spine arose from the base of 
the scimitar lobe. The incidence of its absence, leaving a socket 
remaining, points to it having been movable, and although it is very 
close to th8 base of the scimitar lobe, it is not on the lobe. The 
present figures (Pl. 12, figs. 7 and 8), Holm's published (Pl. 3, fig. 
8; Pl. 6 1 fi g. 9) and unpublished plates (WiJ.ls 1965, Ppl. 1 , fig. 5) 
indicate that the spine was not on the scimitar lobe. 
Podomere 5 of the male bears a long, curved process 
termed the "scimitar lobe" (owing to its shape when compressed) (Pl. 
11, figs. 1, 2, 3 and 7; Pl. 12, figs. 4, 7 and 8) on the infero-
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posterior surface adjacent to the posterior movable spine. Its 
supposed f unction as a clasper i s discussed in Chapter 8 . Holm 
(p . 16) described thi s organ and figured three specimens (Pl. 3, 
figs. 8 and 9; Pl. 4, figs. 8 and 9; Pl. 6, figs. 9 and 10). Holm 
is correct in saying that the scimitar lol.Je is neither formed from 
a modified spine, nor is articulated at its base. It is possible, 
however, t hat it could have developed by elongation of the posterior 
spine on podomere 4, and its migration onto podomere 5, rather than 
(more likely ) being a simple outgrowth of podomere 5. Holm (p. 16) 
is incorrect in stating that it is composed of thin cuticle. The 
cut i cle ap?ears to be as thick as that of the inferior surface of the 
podomere, as Holm stated, but this cuticJ.e is probably not as thin as 
Holm thougbt. Holm also says t hat the organ is devoid of sculpture, 
but many s pecimens show that it was clothed in fine, short setae 
(Pl . 12, fig. 4). 
e) PODOHERES 7 AlTD 8 
Podomeres 7 and 8 may be seen on Plate 10, figure 3; 
Plate 11, figures 2, 3, 4 and 7 , and Plate 12, figures 3, 6 and 7. 
Podomeres 7 and 8 resemble podomeres 6 and 7 of limb II respectively. 
The onl y major difference between these two poclomeres of limb II and 
limb III is that the anterior and posterior fixed spines are longer 
in the penultimate podomere of the latter than in that of the former 
(Fig. 36) .-
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Plate 10. figure 1. A:r 49926 X21.5. Podomere 2 of limb III, 
inferior aspect, postero-distal to top. figure 2. Ar 49926 
X20. Podomer~ 2 of limb III, superior aspect,, postero-
distal to left. figure 3. A:r 50056 X6. Podomeres 2 to 8 
.of limb III, female, infero-anterior aspect. figure 4. 
A:r ~9920 X1~. Co~a III, anterior aspect, dorsal edge of 
posterior surface visible through thin anterior surface; 
showing sculpture of coxal triangle; movable teeth of 
gnathobase absent. figure 5. 1\r 49931 X13. Coxa III, 
anterior aspect. figure 6. Ar 50171 X10. Coxae II and 
III with podomeres II2 and III2, inferior aspect. figure 7. 
A:u · 49931 X12 . Coxa III, posterior aspect, 2 movable teeth 
of gnathobase absent. figure 8. A:r 50072 X21.5. Gnathobase 
of coxa III, posterior aspect, showin6 movable teeth 
with setal follicl es, fixe ci. teeth and bristles. 
Figure 37. Ar 50056. Figure 38. Ar 50171. Figure 39. 
Ar 49931, anterior aspect. 
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Plate 11. figure 1. I3406/1 X10. Limbs II and III, male, 
infero-anterior aspect. figure 2. Ar 50106 X13. Ramus 
of limb III, male, infero-anterior aspect. figure 3. 
I3406/11 X6.5. Ramus of limb III, male, supero-posterior 
aspect. figure 4. Ar 49974 X17.5. Ramus of limb III, 
female, infero-anterior aspect. figure 5. Ar 50061 X10. 
Podomere 4 of limb III, female, inferior aspect, distal 
to left. figure 6. Ar 50037 X6.5. Podomeres 3 and 4 of 
· limb III, fet,ale, inferior aspect, distal to right. 
figure 7. I3406/11 X13. lv...tlllus of limb III, male, infero-
anterior aspect. 
sp· 
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Figure 40. 13406/1. Figure 41. Ar 50106. Figure 42. !3406/11. 
Plate 12 . figure 1. Ar 49928 X18.5. Podomeres 2 and 3 of 
limb III, female, posterior aspect, distal to top, in-
ferior to left. figure 2. Ar 50027 X12. Podomere 4 
and distal part of podomere 3, limb III, male, inferior 
aspect; distal to fop, anterior to left. figure 3. 
Ar 50150 x13.5. Podomeres 5 to 8 of limb III, female, 
inferior aspect, posterior to top. figure 4. Ar 50024 
X7. Parts of podomeres 5 and 6 of limb III, male, inferior 
aspect, scimitar lobe of posterior surface of podomere 
5 shows short setae. figure 5. Ar 49943 X20. Podomere 
6 of limb III, postero-inferior .aspect. figure 6. I3406/17 
x13.5. Podomeres 6 to 8 of limb III, inferior aspect, 
posterior to right. figure 7. Ar 49978 X10. Carapace 
rim overlying podomeres 5 to 8 of limb III, juvenile 
male, superior aspect, anterior to right, showing immature 
scimitar lobe arising adjacent to posterior movable 
spine of podomere 5 and pointing to the bottom of the 
picture. figure 8. Ar 50183 X10. Podomeres 4 and 5 
of limb III, male, posterior aspect, showing base of 
scimitar lobe arising adjacent to posterior movable 
spine and multifolliculated tubercle of podomere 5. \ 
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Plate 12 
Chapter 8. 
SEX: 
a) SEXUAL DHIORPHISE IN EURYPTERIDS 
It has long been known tha t the eurypterids exhibit 
sexual dimorphism. This wac first shown by Woodward (1866-1878, 
p. 61 in Erettopterus bilobus and p. 114 in Slimonia ~~inat_g). 
The genital appendage of the ventral side of the mesosoma occurs in 
two forms. In general, one form (type A, St,6rmer, 1934) is elongate 
whereas the other (type B) is shorter and more rounded in outline. 
Wood,-mrd (1866-1878, p. 115) suggested that type A belonged to the 
female, in a dubious comparison with Limulus (.§..J .• ) . (see St,6rmer, 
1934). Holm (1898) showed that Baltoeurypterus exhibits both types 
of genital appendage and followed Woodward's decision, but also 
included evidence from the scimitar lobe of limb III, which he 
regarded as male claspers. Gaskell (1908) was the first to query, 
and decide against, the views of Woodward and Holm, whilst Clarke and 
Ruedemann (1912) agreed with them. St,6rmer (1934) raised doubts 
again and considered type A genital appendage to belong to the male. 
This view was later included in the Treatise (St,6rmer, 1955) and 
eventually a review paper (St,Srmer and Kjellesvig-Waering, 1969) was 
devoted to the subject, after some objections had been raised (Wills, 
1964, 1965). Wills ( 1965) redescri bed )lal toeurypterus from some of 
Holm's unpµbl:i.shed work and new preparations, and produced argul'.!ents 
in favour of Holm's original designation of type A being female. 
Most recently, St,Srmer (1973, 1974) discus,sed the homology and 
derivation of the genital appendages without bias, but he still 
appears to favour the ~iew expressed by Stirmer and Kjellesvig-
Wa.ering ( 1969), · although no new evidence was presented in support of 
this view. 
68 
Chapter 8. 
a) SEXUAL DIHORPHISh IN EURYPTERIDS 
It has long been known that the eurypterids exhibit 
sexual dimorphism. This wac first shown by Woodward (1866-1878, 
p. 61 in Erettopterus bilobus and p. 114 in Slimonia ~~inat.§), 
The genital appendage of the ventral side of the mesosoma occurs in 
two forms. In general, one form (type A, St,6rmer, 1934) is elongate 
whereas the other (type B) is shorter and more rounded in outline . 
Woodward (1866-1878, p. 115) suggested that type A belonged to the 
female, in a dubious comparison with Limulu~ (~.1.) (see Stprmer, 
1934). Holm (1898) showed that Baltoeurypterus exhibits both types 
of genital appendage and followed Woodward's decision, but also 
included evidence from the scimitar lobe of limb III, which he 
regarded as male claspers. Gaskell (1908) was the first to query, 
and decide against, the views of Woodward and Holm, whilst Clarke and 
Ruedemann (1912) agreed with them. Stprmer (1934) raised doubts 
again and considered type A genital appendage to belong to the male. 
This view was later included in the Treatise (St,6rmer, 1955) and 
eventually a review paper (St,6rmer and Kjellesvig-Waering, 1969) was 
devoted to the subject, after some objections had been raised (Wills, 
1964, 1965), Wills ( 1965) redescri bed Baltoeurypterus from some of 
Holm's unpublished work and new preparations, and produced arguI'.lents 
in favour of Holm's original designation of type A being female. 
Most recently, St~rmer (1973, 1974) discussed the homology and 
derivation of the genital appendages without bias, but he s t ill 
appears to favour the view expressed by St6rmer and Kjellesvig-
Wa.ering (1969), although no new evidence was presented in support of 
this view. 
68 
Many different criteria may be used to distinguish males from 
females. This section deals mainly with the adaptations of the 
prosomal lirnbs and their possible use as claspers, but the other 
differences will a lso be considered briefly. 
The genital appendages, although possibly separable 
into types A and B, nevertheless differ considerably between genera. 
St~rmer ( 1973, with additions, 1974) reviews present lmowledge of 
the genital appendages and suggests a derivation of types A and B 
from "a common, less specialised appendage in a hypothetical 
merostome". Both types apparently bear paired genital ducts, but 
which carried sperm and which ova is impossible to tell. It is 
therefore not possible to place a genital appendage correctly as 
type A or type B. St,6rmer (1973, p. 140) mentions that it is not 
possible to determine the type in Slimonia and in Megalograptus . 
.Also, Waterston ( 1960) has sho,m that the geni tal appendage in 
Slimonia increases in size with the age of the animal, as had Holm 
in Baltoeurypterus. 
In comparing the genital appendages with living 
arthropods, the xiphosurans have been the obvious choice for most 
authors. But Limulus and its allies possess genitalia that are not 
greatly different morphologically between the sexes, although a 
similar method of conjugation for egglaying and insemination is 
usually proposed for eurypterids (e.g. St6rmer, 1973, p. 145). 
Stirmer (1934, p. 51) compares the eurypterid genitalia to those of 
the Pedipalpi, but Wills (1965, p. 139, footnote) says "To me the 
comparison of organs o~aquatic eurypterids with those of 
specialised terrestrial arachnids is valueless." St~rmer and 
Kjellesvig- Waering (1 969, p. 210) reply to this statement , and make 
furth er compa ris ons with Recent Arachnida. External fertilization 
normally occurs in marine invertebrates. Adaptation to land life 
usually r equires extensive modifications to the reproductive system 
and, in Chelicerata, the transfer of spermatophores, either indirectly 
(via the substrate) or directly (via copulation), is used (Cloudsley-
Thompso~, 1976). The only primarily marine chelicerates living today 
are the xiphosurans and pycnogonids. The Pycnogonida bear genital 
openings on one or more coxae of their legs, but there are no 
specialised genital appendages. It would seem to be most productive 
to compare eurypterid genital organs with those of other merostornes, 
and with Palaeozoic aquatic scorpions. 
Although it is by no means certain that the known 
Palaeozoic scorpions were aquatic, St6rmer (1970 , p. 341) gives 
evidence for gills in Waering9scorpio. This animal also bears a 
median appendage between the pectines. St.6rmer compares this 
appendage to those found in other Palaeozoic scorpions, Gigantoscoruio 
(St,6rmer, 1963) and j;yclouhtha l:cus (Novojilov and St6rmer, 1963), 
In fact, Novoj ilov and St6rmer (1 963, p. 85) suggest that the median 
appendage may "be homologous with the median appendage of the IXth 
segment in Eurypterus" (Balto eurypterus). Even if these scorpions 
are not wholly marine, the median appendage may be a re lic from their 
marine ancestors. Unfortunately, at prest:nt there are insufficient 
specimens available to show any sexual dimorphism or the anatomy of 
the organ. 
Wills (1965, p. 138) lists some other features of 
Bal to eurypteru.s which may be sexually dimorphic. 1 ) · In individuals 
of the same lene th, those with the type A genital appendage (the 
female) appear to be broader. Holm found this to be the case, and 
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this also occurs in Limulus. There are insufficient measurements to 
prove this. Andrews tl al. ( 1974) did not find bimodali ty in their 
measurements of Eu.m.tern remi pe~. 2) 'l'he eye ridges appeared to 
Wills (1965, p. 138) to be more arcuate and set further apart in the 
female (type A) than in the male (type B). This did not show in 
Figure 2 of Andrews tl al. (1974) but again there were few measure-
ments, and the authors were not investigating sexual dimorphism. 
3) The triangular area between the front of the carapace and the 
lateral eyes bears more granular ornament in the female, than in the 
male (Wills, 1965, p. 138). The median posterior area of granules 
on the carapace is more pronounced in the male than in the female 
(Wills, 1965, p. 101). 
Another feature which appears to be sex-controlled 
is the shape of the postero-lateral angles of the pretelsonic segment 
(Pl. 15, figs. 3 and 7). Holm (p. 52) rema.rked that the small, 
postero-lateral "epimerae 11 of the metasomal segments decrease in si7,e 
during ontogeny, whereas those of the pretelson increase in size. 
He also said that not enough material was available to determine 
whether the shape of these "Seitenlappen" on the pretelson was a 
sexually dimorphic character, which suggests that Holm suspected they 
may be. 
Two forms of the pretelson occur. One, with short, 
pointed Seitenlappen appears to belong to the male (Holm, Pl. 7, fig. 
12; Pl. 10, fig. 1 ) and Plate 15, figure ·3. The female form bears 
large epimerae (Holm, Pl. 7, figs. 10 and 11 and reconstructions, 
Pl. 1, fig. 1; Pl. 2, fig. 1) and Plate 15, figure 7. A possible 
reason for this apparent sexual dimorphism is suggested later. 
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Supposed clasping organs have been recorded in five 
eurypterids belonging to four superfamilies. Some of these records 
are doubtful. St,6rmer and Kjellesvig-Waerine ( 1969) mention and 
figure a supposed clasper on "an undescribed Lower Devonian 
drepanopterid" as support for their sex argument. No further mention 
of this animal can be found, eyen in Stirmer's (1974) paper on Lower 
Devonian Drepanopteridae from Germany. No mention is made of which 
limb the lobe occurs on; judging from the drawing, this is probably 
not on limb II, and may merely be a bent movable spine. 
Brachyopterus bears a presumed clasping organ on limb II (St~rmer, 
1951) but the genital appendage is unknown in this animal. A 
peculiar structure was found on limb IV of Adelophthalmus by Wills 
(1964, p. 486) who interpreted it as a clasping organ. The genitalia 
of this specimen are not well preserved, but were considered by Wills 
to belong to type B. St6rmer and Kjellesvig-Waering (1969, p. 209) 
cast doubt on Wills' interpretation of this find, and refer to the 
genital appendage as "Type A?" Mixopterus bears possible clasping 
organs on limb II of specimens which have type A? genital appendages 
(St,tSrmer, 1934), However, as the type B appendage is not known in 
Nixopterus, there is no certainty that the genital appendage 
associated with the possible clasping organ is type A. Eurypterus 
remipes and~. lacustris do not, apparently, (st&rmer and Kjellesvig-
Waering, 1969) show any sexual modifications of the prosomal 
appendages. So only in Baltoeurypterus are the presumed clasping 
organs found associated with a genital appendage, and the genitalia 
of the other sex are also known. 
b) THE SEXUALLY t'10DIFIED l)ROSOBAL APPENDAGES OF BALTOEURYPTERUS 
Holm (p. 15) discovered the scimitar lobe on limb 
III of some specimens of Baltoeuryuterus and interpreted it as the 
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clasping organ of the male, by analogy with modern Xiphosura.. Wills 
(1965) revealed that Holn had discovered a modification of limb II. 
However, Wills states (p. 102, footnote) that "In my opinion a 
posthumous drawing of Holm's (Ppl. 1, fig. 6) shows the distal end of 
the R. leg 2 displaying a curious ribbed boss on tha fifth joint 
(from the base), in a position where there is normally a stout spine. 
Since Holm included this figure on the same plate e.s those of the 
filale clasping organ, it seems possible that he considered the boss to 
be a sexual modification of the same leg in the female. However, the 
ribbing may be due to fracture and crumpling of the base of the spine, 
but the speci~en is not available for verification nor have I any 
satisfactory examples of the female for comparison. 11 It has been 
sho.m here (Chapter 6) that the "curious ribbed boss" is in fact on 
podomere 4 of limb II and that a similarly modified spine also occurs 
on podomere 3 of limb II. The animal possessing these modificatioP-s 
to limb II also bears the scimitar lobe on limb III (Pl. 11, fig. 1; 
the same specimen, 13406/1, also bears a type B genital appendage). 
The scimitar lobe of limb III was well knmm to Hob, 
but the modifications on podomeres 3 (large inferior mucro) and 4 
(boss and absence of posterior movable spine) may not have been. 
Stdrmer and Kjellesvig-Waeri ng (1969, p. 209) show that the scimitar 
lobe develops in juveniles and grows wi tl'r the animal until maturity is 
reached. - Evidence for this is also presented here (Pl. 12, fig. 7), 
St,6rmer and Kjellesvig-Waering also suggest that this may throw some 
doubt on the clasping fw1ction, as the males of Recent Xiphosura only 
gain thei r clasper s when f ully mature. Pe:-rhaps it should be pointed 
out here that ma ture fe~ale s of the two living species of TachyPleus 
are characterised by having short stubs in place of the last three 
spines on the l a t era l margins of the opis thosoma (Waterman, 1958) , and 
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that these decrease in size gradually through life until maturity 
is reached. 
Claspers occur on the males of all species of extant 
Xiphosura. Males of Limulus .12.olyphemus L. bear hemichela.te claspers 
on limb II, those of Carc:i_noscorpius rotundicauda (Latreille) bear 
chelate claspers on limbs II and III, and the males of Tachypleus 
gig§& (N1il ler) and 1,. tridentatus Leach bear hemichelate claspers on 
limbs II and III (Waterman, 1958). All these modifications affect 
the two distal podomeres of the limbs. The claspers of Brachxopterus 
and the undescribed drepanopterid occur distally on limb II, those 
of m.xopterus occur proximally on limb II. St,,'rmer and Kjellesvig-
Waering (1969) used these facts to suggest that the Baltoeurypterus 
with the scimitar lobe is not comparable with xiphosuran males. In 
fact, only Limulus claspers are mentioned in the 1969 paper, the 
modified limbs of the other xiphosurans were described by St~rmer 
in 1934 (p. 48). Of the eurypterids with supposed claspers, 
Brachyopterus resembles Limulus in bearing a distal hemichelate 
clasper on limb II, the others do not. Ba1toeurvnterus· is the only 
eurypterid so far known which has both limbs II and III modified in 
the ?male, as do the males of Carcinoscorpius and the two species 
of .T.achypleus. 
Regarding the function of the presumed clasping 
organs, only St,:$'r1ner and Kjellesvig-Waering (1969 , p. 210) strongly 
challenged the use of the scimitar lobe in this manner, suggesting 
that if it was found to belong to the female, it may have been 
involved in egg-laying~ These authors, however, do not question the 
clasping function of the lobes in Mixo12ten1~ and Brachyopteru~. If 
the scimitar lobe in Balto.eurypterus functions as a clasper, its 
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method of clasping is very different from that of the xiphosurans, 
and needs to be looked at more closely. 
Sttrmer and Kjellesvig-Waering (1969, p. 211) say 
that the scimitar lobe has no "apparent locking action". Holm 
(p. 16) mentioned that the lobe fo rmed a "hook" (Haken) uith the 
limb ramus. Here it is suggested that the large mucro on the 
inferior surface of podomere 3 engages with the scimitar lobe, and 
prevents its distal end moving forwards. There appears to be no other 
function ascribable to this large mucro. 
It may be worthwhile here to discuss limb 
modificatio:1s in other marine chelicerates. The Pycnogonida are 
the other extant marine chelicerate class. The sexual modification 
of the limbs of male pycnogonids involves the growth of ventral 
ovigerous appendages (King, 1973, .p. 26). Although not confined to 
the males in all genera, they are ahrays larger in this sex, and 
function as egg-carrying devices. The fertilised ova are borne on 
these limbs, by the male, until they hatch. It is possible that the 
scimitar lobe of Baltoeurypterus is analogous to the male oviger in 
the pycnogonids. If this were the case though, there should be no 
need for the locking action with the mucrone on podomere 3, nor can 
the modifiAd spines on limb II be explained. If the scimitar lobe 
was an oviger , as a male characteristic this does not cha::-ige Wills 's 
(1969) sex determination. 
If the scimitar lobe is a clasper, a position on the 
female's body must be found for it to clasp. As the lobe appears 
to lock against the large mucro on podomere 3, the clasper is not 
hemichelate, but must close around a part of the female's body which 
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fits bet1-1een the lobe and the main pa1·t of the ramus of limb II I. 
Assuming the male attaches to the opis thosoma of the f emale, as in 
the Xiphosura , the obvious, possibly the only structure on the 
female's body (and not, apparently, occuring in the male) whi ch 
serves this purpose is the epimeral lobe of the pretelson. These 
"Seitenlappen" are the correct distance apart for the male to lock 
the scimitar lobes around simultaneous ly . This loca tion also 
compares favourably with t hat in the Xiphosura. Figure 43 shows, 
diagrammat ically, the suggested mode of conjugation during mating. 
The modified anterior spines of limb II of the ma le may assist in 
gripping the female. The modified spines of limb II (male) are 
remarkably sir::iilar in construction to the palar pegs of the males 
of so~e species of Corixidae (Bexapoda : Hemiptera) (Furtha et al., 
1978). The lack of a posterior movable spine on podomeres 3 and 4 
of limb III would enable the epimera to pass between the scinitar 
lobe a nd t ~e limb ramus unhi ndered. The boss on podomere 4 of limb 
III may assist in gripping the epimeron. 
c) COliCLUSIO?l 
Table 3 gives a summary of the known eurypterids 
which beer possible clasping organs, and one, Eurynterus, which 
almost certainly does not. i'li th present knoHledge, it seems 
reasonable to conclude .that t he animal bearing the claspers is the 
male. Only Hi xorJterus presents a challenge to this view, as both 
claspers and an identifi able genita l appendage are known. Until 
the other geni tal appendage of r-Tixopterus is found however , or the 
other sex is s ho·,m to bear lobes on limb II as well , the known sex 
should be considered m~le and its genital appendage as type B. 
Baltoeurvpte~us canno t be compared with terres trial 
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arthropods, only with marine chelicerates, a.nd then only with 
caution, as their sexual apparatuses are different. Only in 
Bal toeurypt erus, amongs t the eurypterids, are the sexual 
modifications kno,m well enough to attempt a sex determination, 
and the evidence suggests that type Bis the male. 
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Gen. App. Gen. App. Modified Modified Modified 
A B Limb II Limb III Limb IV 
Baltoeur;ypterus + + + + 
!Hypterus + + 
Mixopterus + ? + 
undescribed ?* ? ? ? ? drepanopterid 
. Brachyopterus ? + ? 
Adelol?hthalmus ?* ?** +· 
+ present 
absent 
* type suggested by Stprmer· & Kjellesvig-Waering, 1969. 
** type suggested by Wills, 1965. 
? not known, 
or insufficiently 
known to.,.- ident-
i fication. 
Table 3. The occurence of sexually modified prosomal appendages 
and genital appendages in eurypterids. 
1 I 
I 
Figure 1±3. A. ~ltoe~ru~ male (right) and female (left) in 
conjugation. B. Ventral aspect of pretelson of female being 
clasped by limb III of male. 
A 
B 
Figure 1±3. 
pretelson 
scimitar lobe 
large mucro on III3 
Chapter 9. 
PROSOHA L APPENDAGE IV 
a) INTRODUCTION 
'l'his limb differs from limbs II and III in many ways 
(Fig. 6) but especially in that it is not sexually dimorphic, so 
that the reconstruction (Fig. 44) represents both male and female 
forms. Complete rami may be seen on Plate 13, figure 2 and Plate 14, 
figure 1. This limb is the largest in the series of three spinose 
limbs, and also exhibits features in common with the next limb (V) . 
Eight podomeres are present. 
b) THE COXA 
Coxa IV resembles coxae II and III in many respects. 
It is the largest of the three. Like coxa III it does not have a 
lappet, but bears similar muscle scars on the anterior and posterior 
surfaces (Pl. 13, figs. 6 and 7). The coxal triangle is larger and 
more triangu_lar on coxa IV than on the previous two coxae, but the 
cuticular sculpture is similar. The gnathobase bears two movable 
ventral teeth (Fig. 44; Pl. 13, fig. 4), two major rows of mesial 
fixed teeth, and subsidiary rows of smalle1· fixed teeth (Pl. 13, 
fig. 3). The largest fixed tooth has a characteristic shape (Pl. 13, 
fig. 3), 1:1.nd although the number of fixed teeth appears to vary, it 
is norm.a lly greater than the number of fixed teeth on coxa III. 
Bristles and setae surround the teeth (Pl. 13, fig. 4). A movable 
endite is present (Pl. 15 , fig. 4). The distal joint and lintel 
(Pl. 13, figs. 5, 6 and 7) are similar in construction to those of 
coxa III. 
c) PODOHER.E 2 
Podomere 2 of limb IV (Pl. 13 , figs . 1, 2, 8 and 9) 
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bears a great resemblance to podomere 1112. There are several 
distinguishing features however. The broad lunules on the infcro-
anterior surface and the smHller lunules on the infero-posterior 
surface are more prominent on podomere IV2 than on podomere III2. 
Podoraere IV2 bears more spines and setae in numerous rows on the 
posterior distal edge than does podomere III2. In general shape, 
the superior convexity is more anterior in position than on podomere 
III2 , and this is tending towards the condition in podomere V2. The 
proxi~a l edge bears infero-anterior and supero-posterior articula-
tions. Distally, there are superior and inferior articulations. 
. d) PODOHEP..ES 3 TO 6 
In general, these podomeres are longer than their 
cross-sectional diameters, but when the podomeres are compressed, 
this may not be apparent. Again, the ratio of proximal circumference 
to distal circumference increases from podomere 3 to podomere 6. 
Podomere IV3 greatly resembles podomere III3, but 
may be distinguished by the much smaller anterior distal mucrones and 
the much larger posterior movable spine on podomere IV3, Similar 
cuticular features are present on podomere IV3 as on podomere 1113, 
but are more strongly developed on the former (Pl. 14, figs. 1 and 8). 
The three succeeding podomeres (4, 5 and 6) can be 
readily distinguished from all other podomeres on limbs II, III and 
IV by their super o-posterior carinae. These carinae, which attain 
their strongest development on limbs V and VI, are composed of narrow 
lunules which are commonly fol.liculated. They are seen well on Plate 
13, figure 2 and Plate 14, figure 1. The carina is absent from 
podomere IV3, 
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Apart from the carina, the surface sculpture of 
podomeres 4, 5 and 6 of limb IV resembles that of podomeres 4, 5 
and 6 of limb III. Due, perhaps, to the decrease in size of the 
podomeres relative to the constant size of the follicles, there 
appear to be a greater number of follicles on the anterior surfaces 
of the more distal podomeres . . The multifolliculated tubercle 
adjacent to the posterior movable spine increases in size distally. 
The anterior distaJ. mucrones, which are small on podomere 3, are 
larger on podomere 4; on podomere 5 the middle one is the largest 
and on podomere 6 this mucro is very large, and the others are small. 
A similar row of spines as occurs on the posterior distal edge of 
podomere 3 (Pl. 14, fig. 8) is found on podomere 4 (Pl. 14, fig. 6). 
These are also present on podomere 5 (Pl. 14, fig. 4) but are absent 
from podom~re 6 (Pl. 14, fig. 3). All these features are seen well 
on Plate 14, figure 1. 
The articulation points (Pl . 13, fig. 8) are in 
siruilar positions to those on limb III. The posterior movable spines 
are very long, and were probably slightly curved in life (Pl. 14, 
fig. 1). They increase in length from podomere 3 to podomere 6. 
Anterior movable spines are present and also increase in size from 
podornere 3 to podomere 6, but are never more than half the length of 
the posterior movable spines (Pl. 13, fig. 2; Pl. 15, fig. 5), 
e) PODOHERES 7 AND 8 
The only difference betw~en the two distal podomeres 
of limb IV and those of the previous two limbs is in the greater 
length of the fixed spines on podomere IV7 (Pl. 14, figs. 1, 3, 5 and 
9; Pl. 15, figs. 1, 2 and 5). 
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Plate 13. £igare 1. Ar 50047 XS. Po·::.oneres 2 to 5 of li;;;":) IV1 
antero-inferior aspe~t. rigure 2. _4:r 50106 X5. R2.rr:us of limb 
IV, antero-inferior as:;:;ect. fi gure 3. Ar 50028 X21. Gnafr.obase 
of coxa IV 9 anterior as:9ect, n::esial to to-p. fi ; ure 4. I;l1:06/12 
X21.5. Gnat!:.obases of coxa IV (rig'..:.t) inclu:.ing mo-rable ventral 
teetI:., a n::. cox::i. V (left), posterior aspect, ;:;,es ial to -top left. 
figure 5. J,i· 500~8 X?.5. Coxa IV, cr~un:p lc::, c.nterior as:Ject, 
distal joi!:.J:. to top, g:nat}~o°'.)ase at bottom. figure 6. Ar ~ssso 
X795• Coz2. IV, posterior u.spect, mesial ventral rno 0rnole toot:1 
absent, ~Esfal to bottom left. figure 7. k 49979 X6.5. Cox2.e 
IV (front) and V (b,/ 1.incl and to11), anterior aspect, c.orsal to 
top rig?1t. :1.'i [; Llrc 8 . Ar 5:;ot17 XG. Potlomeres 2 t o 5 of limo nr, 
postero- :~ :::->crior aspect. figure 9. Ar 50052 X:il. Podomcre IV2, 
antero-infcrior aspect, proximal joi~t to top left, showing 
articulaLion s and cuticular structures. 
Figure 45 . Ar 500117. Fi :;:;ure 46. Ju· 50106. Figure 1±7 • Ar 119980 ~ 
FiL;ure 11:8. Ar '19979. 1"igure 11:9. Ar 500117. 
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Plate 14. ngure 1. I3l.::J6/12 X6 . Ra.mus of limb IV, antero-inierior 
aspect. figure 2. Ar 49940 X21. Podomere IV3, antero-su:perior 
aspect, distal to top. figure 3. Ar 50045 X11. Po domeres 5 
an<l 6 of limb IV, posterior aspect, proximal to left. figure li. 
Ar I1993z1 X'.21. Poc',omere IVl1, postero-inferior as:9ect, distal 
to top. fi gure 5. Ju~ 5·'.J045 X11. Poclorneres j an<l. 6 of limb IV, 
. · infero-a:aterior aspect, distal to top. figure 6. Ar z.~99l.l:0 X21. 
Podornerc IV:~, postcro-i11ferior as,ect, c:istal to top. iie;ure 7. 
Ar . 119931± X~1. Po t~o 1:1erc IVl1, anterc-sur, erior aspect, disb.l to 
top. fi r;ure 8. Ar 50053 X10. PoJ.cmere IV2, Jl Ostero-su_oerior 
aspect, dish.l to top. fi 13ure 9. Ar 119960 X'."::1.5. Po domeres 
7 anJ. 8 (r::srt) cf lir:tti IV, inferior aspect, dista l to ri g::1t. 
Figure 50. 13~06/12. 
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Pl~te 15. figures 1 and 2. Ar 50043 X10. Podomeres 6 to 
8 of limb IV; figure 1, infero-anterior aspect; figure 2, 
supero-posterior aspect. figure}. I3406/28 x5. Pretelsc~ 
of ?male, dorsal aspect. figure 4. I3406/10 X14. Mesial 
parts of coxae II, III and IV, showing movable endites, 
anterior aspecto figure 5. Ar 50011 X8. Podomeres 4(part), 
5, 6, 7 and 8(part) of limb IV, inferior aspect, anterior 
to right. figure 6. Ar 50004 X10. Mesial half of 
coxa V, posterior aspect, ventral to top left; showi ng 
coxal gland opening, anterior surface (including muscle 
scar) showi ng t hrough posterior surface. figure 7. 
Ar 35368 X2. Pretelscn of ?female, dorsal aspect. 
figure 8. I3406/14 X7. Co:rn V, pos terior aspec t, ventral 
to right. figure 9. Ar 50132 X46 .5. Gnathobase of 
coxa II, showing three movable ventral teeth (top) and 
fixed teeth (left) together with bristles, setae and 
follicles. 
Figure 51. Ar 50011. Figure 52. I3406/10. 
Plate 15 
Chapter 10. 
PROSOM.AL APPEN DAGE V 
a) INTRODUCTION 
Limb V contrasts to the foregoing three limbs in that 
it bears no movable spines. Limb V continues the trend of an increase 
in limb length posteriorly, so that all the podomeres in the main part 
of the ramus (podomeres 4 to 9) are much longer than their cross-
sectional diameters. Similarity exists between limbs IV and V in 
that both bear carinae (more conspicuous in the latter) along a major 
part of their rami. Nine podomeres are present in limb V, in contrast 
to limb IV which has eight, but in accordance with limb VI which also 
has nine. The main reason for the increase in the number of podomeres 
is the presence of two podomeres between the coxa and the first long 
podomere of the ramus in limb V, in place of the single podomere 2 of 
limb IV. The most probable origin and function of this extra podomare 
are discussed in Chapter 13. Complete rami of this limb are sho,m on 
Plate 16, figures 1, 3, 4 and 6, and a reconstruction is given in 
Figure 53. This limb is .not sexually dimorphic. 
b) THE COXA 
Nieszkowski (1859), Schmidt (1883) and Holm (p. 17) 
recognjsed that coxa Vis larger than coxae II, III and IV and hence 
its distal edge appears to be nearer to the l ateral carapace border 
than do the distal edges of coxae II , III and IV in the complete 
fossil. These authors disagree, however, oh how far coxa V extends 
to the carapace edge, Holm (Pl. 2 figure 1) Schmidt (Pl. 3a, fig. 1b). 
Both authors reconstru?-t the animal as it appears flattened in the 
r ock and t ake .little account of the collapse of coxa V due to pressure 
from coxa VI on compress ion (see Chapter 2d ). 
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e gland opening 
The r econstruction (Fi g . 53) shows that coxa V differs 
from coxae II, III and IV in form as well as size. The di.stinV,t ishing 
features are: the shape of the coxal triangle, the edge between the 
co:rnl triangle and the gnathobase, the l ack of movable ventral teeth, 
the shape of the lintel, and the presence of the coxal gland opening. 
The anterior a.nd posterior surfaces (called inner and 
outer l amellae , res pectively , by Holm, p. 17) of coxa V are larger and 
of a slightly different shape to those of coxae II, III and IV, due to 
the differ ent shapes of the coxal triangle and ventral edge of coxa V. 
The anterior and posterior surfaces are similar in basic construction, 
however, to those of the previous three coxae. The submarginal musc l e 
scars on the anterior and posterior surfaces of coxa V (Pl. 15, figs. 
6 and 8) are closely comparable to those of coxae III and IV, with the 
exception of a deviation around the coxal gland opening . The distal 
part of the anterior surface bears broad lunules which grade into 
narrower lunules on the anterior lintel lobe, the coxal triangle and 
around a dark streak which extends f~om the distal infero-anterior 
articulation point mesially in a broad curve towards the dorsal edge 
(Pl. 17, figs. 4 and 8). By analogy with the dark submarginal lines 
on the anterior and posterior surfaces, this streak could also be 
interpreted as a muscle scar. At least, it indicates thickened cuticle. 
Both the anterior and posterior surfaces bear setae. The opening of 
the coxal gtand , which occurs ha lf way along the muscle border of the 
posterior sur f ace, will be dealt with in more detail in Chapter 10c. 
The coxal t r iangle of coxa Vis the most triangular 
in shape of all the coxa triangles (Pl . 16, fi g . 7). Tha t it is 
r ea lly an a r t efact caused by compress ion during fo ssilisation i s shown 
by t he lack of a true anterior border, so t ha t t he coxa commonly 
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does not exhibit t he full trj_nngular feature (PJ.. 17, fi g . 4). 'l'he 
posterior edge of the coxal triangle is a t hickened ridge bearing 
raised follicles. The follicles (and henc e setae) are most populous 
at the poster o-dista l corner of the triangJ.e, and extend more thinly 
over its surface . There is a row of small, broad lunules along the 
distal border of the coxal triangle. 
A thickened edge extends from the apex of the coxal 
triangle to the largest tooth on the gnathobase (Pl. 16, fig. 5; 
Pl. 17, fig. 1). This ridge, a characteristic feature of coxa V, 
is approximately the same length a s the posterior border of the coxal 
triangle. It bears prominent bristles adja cent to the gnathobase 
(Pl. 16, fig. 5). 
The gnathobase of coxa Vis characterised by the lack 
of ventral movable teeth. Onlt stout mesial fixed teeth are present 
(Pl. 13, fig. 4; Pl. 16, figs. 2 and 5) surrounded by bristles. The 
teeth number about forty (Holm, p. 19 reckoned at least 15, Schmidt 
(1883) counted only six), arranged in two main rows, with numerous 
· subsidiary rows where the teeth a r e smaller. The arrangement of fixed 
teeth is thus essentially the same as that of coxa IV . A movable 
endite is present and may be seen on Plate 16, figure 5, and Plate 17 , 
figure 8. 
The distal joint (Pl. 16, fi g. 7; Pl. 17, figs. 1 to 
4 and 8) bears a very prominent infero-anterior articulation point 
and a supero- posterior a rticulat i on point. The infero-anterior 
a r ticulation point is slieht l y more superior in position than are the 
similar art i culat ion points on the coxae of limbs II , III and IV . 
A ridge formed of broad lunules runs super ior t o the ant erior 
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articulation po int up to, and mergi ng with, the anterior lintel 
lobe; the dis tal edge i s recurved along this border (Pl. 16, fi g. 7; 
Pl. 17, figs. 2, 3 and 6). The infero-posterior border is not so 
strongly sculptured, and bears a large expanse of arthrodial 
membrane (Pl. 16, fig. 7). 
The superior distal border consists of the lintel. 
The lintel of coxa V differs from those of coxae II, III and IV in 
that it is longer, the two lobes, anterior and posterior, are 
prominent, while the interlobe region is narrow and comparatively 
deflated. The lintel is shotm on Plate 16, figure 7; Plate 17, 
figures 1 to 4, 6 to 8. Plate 17, figure 7 shows the characteristic 
sculpturing of the lintel lobes, the anterior bears small, slightly 
raised lunules and the posterior lobe bears minute raised lunules, 
as do parts of the interlobe region of the lintel. 
The supero-posterior articulation point is weak 
(Pl. 16, fig. 7; Pl. 17, figs. 1 to 4, 6 and 7) in comparison with 
the infero-anterior articulation. The latter appears as very dark 
cuticle (Pl. 17, fig. 8) and a furrow, bounded superiorly by part 
of the lunule ridge, externally (Pl. 17 , figs. 1 and 4) . 'l1he 
attachment of podomere 2 is seen well on Plate 17, figure 8. 
c) THE COXAL GLAND 
A subcircular hole is present halfway along the mesial 
edge of the posterior surface of coxa Vandis bounded by a dark ring 
which is contiguous with the submarginal muscle scar. This structure 
can be s een on al l spec·imens, but is s hown well on Plate 15, figures 
6 and 8, and Pl a te 17, figures 1 and 2. Ho l m (p. 18) believed t hat 
the hole was covered by thin cuticle in life and, being thin , this 
cuticle was subsequently lost. None of the specimens examined 
showed any trace of a cuticular covering, but commonly the anterior 
surface showing through the hole gives the impression of a membrane. 
Holm (p. 18) found a subcircular patch of thin cuticle on the 
anterior surface of the coxae of limbs III to V of Limulus, and 
suggested that these structures "were homologous with the structure 
in Baltoeu1-:y12terus. He suggested an auditory function for them. 
There is no mention, in the literature surveyed, of the function of 
these coxal structures in Limulu.s (which may be readily seen in 
Limulus material and in Holm's Plate 9, fi gures 3 to 5 of 
Carcinoscornius and Plate 9, figures 12 to 14 of Limulus). If 
these structures were auditory, or had any sensory function, it 
would be expected that neurologists would have discovered the 
innervation of the structures in thin much-s tudied experimental 
animal. 
Wills (1965 , p. 102) suggested a more reasonable 
function for the structure of coxa V of Baltoeurvnterus, t hat it is 
the opening of the coxal gland, an excretory organ. Coxal glands 
occur in nearly all chelicerates, normally opening on the posterior 
surface of coxae III or V (Kaestner, 1968). The coxal gland 
opening of Limulus occurs between coxae V and VI, but in fact is 
much closer to coxa V; .in scorpions the gland opens on the 
posterior surface of coxa V. In most other arachnids the gland 
opens in a more anterior position. With present knowledge of this 
structure, Wills's(1965 p. 102) explanation seems the most 
plausible. 
d) PODOKERE 2 
Bet we en the coxa and the f irst long podomere of 
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ramus of limbs V and VI lie two short, subannular podomeres. 
Chapter 11(c) gives details of the difference between podomeres 
V2 and V3 and VI2 and V13. Podomere 2 is the lontser of these two 
podomeres and partly resembles podomere 2 of limb IV, differing 
mainly in that the supero-anterior surface is only three times as 
long as the infero-posterior surface (compare Figs. 44 and 53), 
Podomere 3 is very short and annular. Podomere 2 is shown in 
isolation on Plate 17, figure 9 and Plate 18, figure 4; podomere 
3 is shown in isolation on PJ.ate 17, figure 5 and Plate 18, figure 
11 • Both podomeres are sho1m together on Plate 16, figures 1 , 3, 
4 and 6; Plate 17, figure 8 and Plate 18, figures 1, 2 and 6. 
Podomere 2 is reconstructed. on Figure 53. The 
supero-anterior surface is bulbous and bears numerous narrow, raised 
lunules (Pl. 18 , fig. 4). A strong supero-anterior articulation is 
present at the distal edge of this surface. The proximal edge of 
the supero-anterior surface is bowed out and the edge curves in 
again on either side. The other surfaces of the podomere are 
narrower, the shortest part of the podomere being the infero-
posterior surface. Scattered minute lunules only are found on the 
surfaces other than anterior and posterior. Broad lunules occur on 
the anterior and superior distal border and adjacent to the supero-
anterior articulation these are large and mucronate (Pl. 18, fig. 4). 
The proximal infero-anterior articulation is strong. 
A furrow runs tangential to an invagination of the anterior proximal 
edge (Pl. 18, fig. 4), corresponding to a boss internally. The 
upturned-boat-shaped lobe proximal to this furrow is here termed 
the scaphoid process. Similar scaphoid processes are found on 
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podomeres IV2 and V12, and seem to occur at strong articulations. 
The scaphoid process is shown on Plate 16, figures and 6; Plate 17, 
figure 8 and Plate 18, figure 4, The inferior edge of podomere 2 is 
characterised by a large expanse of striated arthrodial membrane, the 
striae r epresenting tendon bases arising from the podomere edge. 
Less prominent articulations a~e present supero-posteriorly on the 
proxima l edge and inferiorly on the distal edge. 
e) PODOHERE 3 
Podomere 3 has no counterpart on any of the limbs II 
to IV, but a similar podomere occurs on limb VI. Podornere 3 is 
annular, only slightly longer superiorly than inferiorly (Pl. 18, 
fig. 11). A few narrow lunules occur distally on the superior surface, 
but otherwise this podomere is fairly smooth. The supero-posterior 
distal border bears a row of about ten sharp, fixed spines. A sharp 
mucro is also present adjacent to the supero-anterior distal 
articulation and another prominent mucro oc8urs on the anterior distal 
edge, in a similar position to the largest mucro on the anterior 
distal border of podomere 2 (Fig . 53), These features are sho,-m on 
Plate 17, figure 5 and Plate 18, figure 11. Inferior and supero-
anterior articulations occur on both the proximal and distal edges. 
f) PODOHERES 4 TO 7 
Podomeres 4 to 7 resemble one another in all being 
about twice as long as their cross- sectional diameters and all 
possessing three prominent longitudinal carinae. The supero-
posterior carina is comparable to that found on podomeres 4 to 6 of 
limb IV. The other t wo·carinae a r e postero-inferior and anterior. 
Although thes e f our podomeres a r e basically the same shape, each 
has a s lightly grea t er circumf erence than the podomere dis tal to i t . 
87 
Holm (p . 21) s tat es that the area enclosed by the two posterior 
carinae of podomeres 4 to 7 appears to be flat and that this area 
corresponds to the inferior surface of limbs II to IV. It cannot 
be assumed that the posterior surfaces of podomeres V4 to V7 were 
planar in life, although their posterior intercarinal surface may 
correspond to the inferior surfaces of limbs II to IV. Holm (p. 21) 
also sui;gests that the cross-sections of podomeres V4 to V7 may 
have been triangular. The cross- sections are reconstructed as 
circular herein (Fig. 53) in the absence of any evidence to the 
contrary. 
Podomere 4 differs from the succeeding three 
podomeres in its possession of a proximal postero-inferior convexity. 
The proximal and distal joint planes are slightly angled, giving this 
podomere a profile of an asymmetric parallelogram (Pl. 16, figs. 1, 
3, 4 and 6; Pl. 18, fig. 6). The proximal postero-inferior 
convexity is formed of two inflated areas at the bases of the two 
posterior carinae; the supero-posterior inflated area bears s~all 
lunules (Pl. 18, fig. 7). The distal joint of podomere 4 is 
emarginated on the postero-inferior side (Pl. 16, fig. 3). A weak 
articulation occurs in a superior position on the distal edge (Pl. 16, 
figs. 4 and 6) and the close connection of podomeres 4 and 5 continues 
to the point where the anterior carina meets the distal edge where 
there is -another weak articulation point. Consequently, a strong 
bicondylar hinge joint is produced. The proximal joint of podomere 
4 bears inferior and a supero-anterior articulations. 
Podomeres 4 to 7 of limb V Exhibit a much stronger 
development of car:i.nae than do podomeres 4 to 6 of lirnb IV. The 
supero-posterior and postero-infcrior carinae are each composed of 
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a single line of narrow, raisedlunules , exce9t at the proximal end 
where a cluster of lunules is present . Some of these narrow r a ised 
lunules, especially tho s e of the supero- posterior carina, bear setal 
follicles. The postero-inferior carina is less prominent than the 
supero- posterior carina on podomeres 5 to 7, but carries more 
follicles (Pl. 18, fig. 10), -The postero-inferior carina becomes 
more inferior in position on the more distal podomeres (Pl. 16. 
fig. 3). The supero-posterior carina on podomeres 4 to 7 is a 
distinct keel of narrow, raised lunules with only a few follicles 
(Pl. 18, fig. 7; Pl. 19, fig. 5). The supero-posterior carina 
terminates at the distal edge in a large mucro or fixed spine, the 
size of which increases from podomere 4 to 7 (Pl. 16, figs. 3 and 4; 
Pl. 19, figs. 2 and 5). There is also a spine at the distal end of 
the postero-inferior carina, but the carina actually terminates jus~ 
inferior to this, in a large folliculated tubercle on podomere 4, 
On the more distal podomeres, the fixed spine appears to be more 
removed from this terminal folliculated tubercle (Pl . 16, figs. 3 
and 4) as the carina becowes more inferior in position. Four spines 
occur between the two posterior fixed teeth of podomeres 5 and 6 
(Pl. 18, fig. 10; Pl. 19, fig. 5). 
The anterior carina consists of broad lunules, two 
or three abreast, many of which bear follicles. This carina is 
most prominent on podomer e 4 but becor.ies less prominent on the more 
distal podomeres (Pl. 16, fig. 4). The anterior carina terminates 
on the distal edge of podomere 4 in two broad, folliculated mucrones. 
These mucrones are present on the more distal podomeres but enlarged 
into fixed, folliculated teeth. The anterior carina terminates 
distally at the more anterio r of these teeth on poclomeres 5 and 6 ; 
the super i or tooth is absent from podomere 7 (Pl . 16, fi g . 4) . 
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a single line of narrow, raised lunules, except at the proximal end 
where a clus t er of lunules is present . Some of these narrow r a ised 
lunules , especially tho s e of the supero- posterior carina., bear setal 
follicles. The postero- inferior carina is less prominent than the 
supero- posterior carina on podomeres 5 to 7, but carries more 
follicles (Pl. 18, fig. 10). The postero-inferior carina becomes 
more inferi or in position on the more distal podomeres (Pl. 16. 
fig. 3). The supero-posterior carina on podomeres 4 to 7 is a 
distinct keel of narrow, raised lunules with only a few folJ.icles 
(Pl. 18, fig. 7; Pl. 19, fig. 5). The supero-posterior carina 
terminates at the distal edge in a large mucro or fixed spine, the 
size of which increases fro m podomere 4 to 7 (Pl. 16, figs. 3 and 4; 
Pl. 19, figs. 2 and 5). There is also a spine at the distal end of 
the postero-inferior carina, but the carina actually terminates jus~ 
inferior to this, in a large folliculated tubercle on podomere 4, 
On the more distal podomeres, the fixed spine appears to be more 
removed from this terminal folliculated tubercle (Pl. 16, figs. 3 
and 4) as the carina becooes more inferior in position. Four spines 
occur between the t wo posterior fixed teeth of podomeres 5 and 6 
(Pl. 18, fig. 10; Pl. 19, fig. 5). 
The anterior carina consists of broad lunules, two 
or three abreast, many of which bear follicles. This carina is 
most prominent on podomer e 4 but becorrtes less prominent on the more 
distal podomeres (Pl. 16, fig. 4). The anterior carina terminates 
on the distal edge of podomere 4 in two broad, folliculated mucrones. 
These mucrones are present on the more distal podomeres but enlarged 
i nto fixed, folliculated teeth. The anterior carina terminates 
distally at the more anterio r of these teeth on podomeres 5 and 6 ; 
t he s uperior tooth is absen t from podomere 7 (Pl. 16, fi g . 4). 
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The intercarinal surfaces of podomeres 4 to 7 bear 
follicles. These are concentrated at the distal end of the inferior 
surface and many also occur on the anterior surface, especially 
adjacent to the anterior carina. Only a few scattered follicles 
are present on the superior and posterior.surfaces. '.I'he more 
distal podomeres exhibit a greater density of follicles, perhaps 
resulting from being smaller than, but with the same number of 
follicles as, the more proximal podomeres (Pl. 19, fig. 4). 
As previously ment ioned, the distal borders of 
podomeres 4 to 7 bear fixed teeth at or near the termini of the 
carinae, as well as additional spines, tubercles and mucrones. A 
median inferior tubercle occurs on podomere 4, flanked by small 
lunules, this tubercle becomes much larger and folliculated on the 
more distal podomeres (Pl. 16, fig. 3), as do the flanking lunules, 
and is larges t on podomere 7 (Pl. 19, fig. 2), which, however, lacks 
the flanking features. The superior distal edge bears an articula-
tion on podomeres 4 to 6, with a multifolliculated mucro adjacent 
posteriorly to it. Podomere 7 bears t wo articulation points on 
the superior distal edge, one at either side of the multi-
folliculated mucro (Pl. 16, fig. 4). 
g) PODOME1IBS 8 AND 9 
Podomeres 8 and 9 of limb V resemble the ultimate 
and penultimate podomeres of limb IV, but differ in that the 
anterior and posterior fixed spines of podomere VS are longer than 
those of podomere IV7 (Pl. 19, figs. 1 and 2). Another difference 
between podomeres IV7 and V8 is that the anterior fixed spine of 
podoroere VB is shorter than the posterior, whereas the posterior 
fixed spine of podomere IV7 is the shorter . The posterior fixed 
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spine of po domere VB i s as long as podomere Vg (Pl. 19, fi gs. 1 and 
2). 'rl1e curvat ure of t he fixed spines of podomere V8 and of 
podomere V9 is not as great as the curvature of the fixed spines of 
podomere I V? a.nd of podomere IV8. An inferior multifollicula ted 
tubercle is present on podomere VB. A small carina of narrow 
lunules r uns a J.ong the proxi mal half of the posterior surface of the 
posterior f i xed spine of podomere VB . Anterior and posterior 
articulations are present at the bases of the fixed spines on the 
distal border of podomere VB. Both the fixed spines of podomere VB 
and podomere V9 bear numerous follicles. '.I.1hese features are sh01m 
on Plate 19, figures 1 and 2. 
The tips of the fixed spines of podomere 8 and 
podomere 9 show a dark, conical structure internally, which is 
exposed by wear on the tips (Pl. 19, fi gs. 6 and 7). This dark 
body nay be a strengthening structure to prevent excessive abrasion 
to the tips of the spines. 
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Plate 16. figure 1. I34.06/31 X5. Ramus of limb v·, infero-anterior 
aspect. figure 2. Ar 4.9919 X4.3. Gnathobase of coxa V, posterior 
aspect. figures 3 and 4.. Ar 50013 x9. Ramus of limb V, podomere 
9 and posterior fixed spine of podomere 8 absent; figure 3, infer-
ior aspect; figure 4., superior aspect. figure 5. Ar 5004.9 X18o5• 
Gnathobase of coxa V, posterior aspect, movable endite (part) 
at top, bristles on ventral edge (right) and follicles. figure 6. 
I34.06/31 X9. Ramus of limb V, super-posterior aspect. figure 7. 
Ar 4.9979 X8.5. Coxae IV (behind ) and V, posterior aspect, ventral 
. to to:9 right. 
Figure 51,i;. Inferior (left) and superior aspects of Ar 50013. 
Figure 55. Ar 49979. 
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Plate 17. figures 1 and 2. Ar 50049 X5. Coxa V, somewhat crumpled; 
figure 1, postero-ventral aspect; figure 2, superior aspect. 
figures 3 and 4. Ar 50021 X6.5. Coxae IV and V; figure 3, dorsal 
aspect, posterior to left; figure 4, ventral aspect, posterior 
to bottom. figure 5. Ar 49945 X25. Podomere V3, distal aspect, 
superior to top. figure 6. Ar 49951 X10. Coxae IV and V (part 
hidden), anterior aspect, ventral to top. fig,..ITe 7. Ar 49951 
X 16.5. Lintel of coxa V to show lobes, ventral aspect, posterior 
to top right. figure 8. Ar 47578 X5. Coxa and podomeres 2 to 4 
of limb V, inferior aspect. figure 9. Ar 50040 X16. Podomere V2, 
proximal aspect, superior to left. 
Figure 56. Ar 50049. Figures 57 and 58. Ar 50021. Figure 59. 
Ar 4991±5. Figm'e 60. AJ:· 49951. Figure 61. Ar 117578. Figure 62. 
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Plate 1& figures 1 and 2. A.T 50023 X7. Coxae III, IV and V, with podomeres 
V2 and 'V3; figure 1, ventral aspect, distal to top left; figure 2, 
dorsal aspect, distal to top right. figures 3 and 7. Ar 49936 X10. 
Podomere V4; figure 3, superior aspect, antero-distal at top; figure 7, 
inferior aspect, postero-distal to top left. figure 4. Ar 49947 X21. 
Podomere V2, superior aspect. figures 5 and 10. Ar 49935. Podomere 
V5; figure 5, X18.5, superior aspect, antero-distal to top right; 
figure 10, X18, inferior aspect, antero-distal to top left. figure 6. 
Ar 50020 X10. Coxa V (part) and podomeres V2 to V4, supero-anterior 
aspect. figure 8. Ar 50062 X6.5. Podomeres V5 (anterior at right) 
and V6 (anterior at left), showing distal mucrones and articulations, 
and follicle distribution. figure 9. Ar 50138 X9. Podomere V5, 
anterior aspect,, antero-distal to top right. figure 11. Ar 50051 
X12. Podomere V2. 
Figures 63 and 6/j,, Ar 50023. Figure 65. Ar 4:9947. Figure 66. Ar 50051. 
Figure 67. Ar 50020. 
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Chapter 11. 
PROSONAL APPENDAGE VI. 
a) I NTRODUCT ION 
Limb VI, "the swimming leg" or "paddle", has been 
well lmown in Baltoeurypterus since 1859 when Nieszkowski 
described and figured it. Schmidt (1883) described and figured 
limb VI more accurately than Iheszkowski did , after the triangular 
lobe (7a ) of podomere 7 had been found on .§urypterus by Hall (1859), 
Holm (p. 22 et .§§..Cl,) described limb VI in some detail. 
Limb VI is the largest appendage of Baltoeurypterus 
and is characterised by the flattened, paddle-shaped distal part of 
the ramus as well as its enormous coxa. There can be little doubt 
that the main function of limb VI was in swimming, so that, as well 
as a flattening of some parts of the ramus, podomeres 5 and 6 bear 
highly modified joints for twisting the distal part of the ramus 
about the limb axis (Chapter 16). The distal joint of the coxa, 
and podomeres 2, 3 and 4 are essentially similar to those of limb V. 
An exploded reconstruction of limb VI is given in Figure 68. 
b) THE COXA 
The coxa of limb VI is very l arge in proportion to 
the size of the animal, and may be compared_ to the coxae of swimming 
insects (e .g. Dytiscidae, Evans, 1977) which. are large in order to 
house t he strong, thick muscles used in swimm.ing. Coxa VI also 
differs in shape from -the coxae of limbs II to V, being more expand.ed 
. posteriorly and relatively shallow dorso-ventrally. In plan, coxa 
VI is roughly t rapezoidal (Pl. 19, figs . 11 and 12). The great 
92 
COXA (1) 
Figure 68. 2 
3 i 
l.i 
5 a ea 
a ea 
s p ea 
s pea 
i pi ea 
s 
a ea 
9 
8 
I. 
'" 
surface 
I 
0 
H 
(l) 
~ 
f1J 
0 
~ 
.. 
H 
> 
,&). 
-~ 
,-l 
'H 
0 
A 
0 
•,-t 
~ 
u ] 
f1J 
A 
0 
u 
(l) 
H 
"'d 
(l) 
"'d • 
0~ 
,-l u 
a~ 
et! 
• H 
00 0 
\.t:) •,-t 
M 
(l) (l) 
~~ 
•...t 
r.. 
posterior expansion has resulted in the loss of the coxa l triangle, 
the ventral surface now forming the greater part of the coxal 
surface. 
The anterior surface i s bounded ventrally by an 
acute edge running f rom the gnathobase, where it is well developed, 
to the anterior side of the distal joint, where it has become less 
acute, rounded and covered with broad lunules. 
The dorsal edge of the anterior surface (Pl. 20, 
fig. 15) resembles t he dorsal edge of the posterior surface of coxa 
V, with which it is in close associa tion. Being closely adjacent to 
the posterior surface of coxa V, the anterior surface of coxa VI 
bears TIO raised sculpture, which is a characteristic of more exposed 
parts of the body. 
The dorsal edge of the posterior surface runs in a 
much shallower, S-curve than that of the dorsal edge of the anterior 
surface. It runs from the supero-posterior part of the distal joint 
to the mes i al edge of the coxa, joining it about% of the way from 
the gnathobase to the rear. Instead of being vertical, as in coxae 
II to V, the posterior surface of coxa VI was inclined a t a low angle 
to the hori zonta l in life. The postero-latera l t of the posterior 
surface bears faint lunules but is otherwise devoid of sculpture. 
The posterior edge of coxa VI is an acute edge formed of discrete, 
thickened denticles (Pl. 19, fig. 11 ) , some of which bear follicles . 
The ventral surface of the coxa bears a characteristic 
pattern of lunules (Pl. 19, fi gs. 11 and 12). The central area 
bears spindle-shaped, broad lunules with folli c les interspersed with 
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small, broad lunules but only isolated follicles set in faint broad 
lunules. The strongest sculpture is along the anterior edge, where 
raised, broad lunules are present and these increase in number and 
become narrower distally. The area around the inferior distal 
articulation bears narrow lunules. 'l1he posterior part of the ventral 
surface bears many small, broad lunules with few follicles, and 
submesially these become a.symmetric and arranged with their cusps 
mesial. The mesial area, covered by the rnetastoma in life, is devoid 
of sculpture, although some stretch marks are present on this area 
near the gnathobase. 
The gnathobase of coxa VI is characteristic and quite 
distinct from the gnathobases of coae II to V, No movable endite is 
present (but see endostoma, Chapter 12b). · As thi s organ is perhaps 
the most commonly preserved part of Baltoeurypterus it has been well 
described by previous authors (e.g. Holm, p. 23). The large, anterior 
tooth is black in colour as it is composed of extremely thick cuticle 
(Pl. 19, fig. 10; Pl. 20, figs. 3, 5 to 8, 11 and 12). Holm (p. 23) 
described this tooth as chisel-shaped, and he also mentioneJ that it 
appears to be formed from the fusion of many smaller teeth; some 
specimens presenting a papulose appearance (Pl. 20, fig. 5). The 
posterior part of the gnathobase consists of a row of seven (usually) 
teeth as a single, black, serrated ridge (Pl. 19, figs. 9 and 10; 
Pl. 20, figs. 7, 8, 11 and 12). In plan, the line of seven teeth 
subtends an angle of about 130° with the bevelled edge of the large 
anterior tooth, and in side view (Pl. 20, fig. 3), an angle of about 
30° is subtended by these lines. This angle is occupied by the 
anterior margin of the metasto1:1a in life (Pl. 19, fig. 8). The amount 
of wear on the teeth varies, some specimens showing extreme abrasion 
(Pl. 20, fig. 1). 
The distal joint of coxa VI great ly resembles that 
of coxa V. The lintel, however, is narrower and more rounded (Pl. 
20, fig. 13). 'I'he articulations resemble those of coxa V, but 
differ in that: 
1) the dark streak extending from the infero-anterior 
articulation of coxa VI runs at right angles to the 
edge and for a shorter dis tance than that of coxa V; 
2) the stretch marks on either side of the furrow (Pl. 20, 
fig. 9) are more prominent on coxa VI; 
3) the supero-posterior articulation is less prominent 
on coxa YI. 
c) PODOHERE 2 
Podomere 2 of limb VI bears a considerable resemblance 
to podomere 2 of limb V. The major differences lie in: the general 
shape, podomere VI2 is shorter and less bulbous on the supero-anterior 
surface than podomere V2 (Pl. 21, fig. 4); podomere VI2 is more 
strongly sculptured with small lunules than podomere ·v2; podomere 
VI2 bears a stronger proximal supero-posterior articulation than 
podomere V2, as well as some proximal superior striated membrane 
(Pl. 21, figs. 2 and 3) which is not apparent on specimens of podomere 
V2. As with podomere V2, the proximal joint bears a strong infero-
anterior articulation with a scaphoid process and a weaker supero-
posterior articulation. Striated membrane occurs on the inferior 
and superior proxima l edges. The distal joint bears supero-anterior 
and infero-posterior articulations. Podomere 2 can be seen connected 
to the coxa and podomE'.lre 3 in Plate 20, figures 2 and 4, podomere 3 
in Plate 20, fieures 10, 14 and 16; Plate 21, figures 2 to 4, 
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d) PODOHERE 3 
The lack of supero- posterior distal spines on 
podornere 3 of limb VI readily distinguishes it from podomere 3 of 
limb V. It is otherwise very similar to podomere V3, being 
annular, with supero-anterior and infero-posterior proximal 
articulations, and similar distal articulations but more superior 
and inferior respectively (Fig o 68). A prominent row of broad 
mucrones occurs on the supero-anterior distal edge. The surfaces 
of the podomere are generally sculptured with small l unules which 
are more prolific on the posterior and inferior surfaces. Podomere 
3 is sho,m on Plate 20, figure 14 and Plate 21 , figures 2 to 4 
show podomere 3 attached to podomere 2. Plate 21, figures 1 and 9 
show podomere 3 connected to podomere 4, and Plate 21, figures 5 
and 7 show an isolated podomere 3. 
e) PODONERE 4 
. 
Podomere 4 of limb VI gre~tly resembles podomere 4 
of limb V. The chief differentiating criterion is the shape of 
the terminal teeth of the postero- inferior and supero-posterior 
carinae, there are low mucrones on podomere VI 4 and these contrast 
to the more pointed teeth on podomere V4. The inflated, lunulated 
areas at the bases of the posterior carinae are more prominent on 
podomere VI4, and the podomere itself is generally larger than 
podomere V4 . Pla te 20, figur es 2, 4, 10 and 16, and Plate 21, 
figures 6, 8, 9, 11 and 12 show podomere VI4. 
The i nferio r sur face is wide and almost devoid of 
s culptur e (Pl. 20, figs. 6 and 8 ). The superi or surface (Pl. 21 , 
fig. 12) i s similarly smoo th but with a pa t ch of small h mules 
extendine distal ly from the base of the supero-posterior carina . 
The post erior surfa ce (Pl. 21, fig. 12) i s also m&inly smooth, but 
bears clusters of s mall lunules proximally, around the bases of the 
posterior carinae . 
The anterior carina consists of fairly broad, slightly 
raised lunules closely packed, two or three abreast, som~ of which 
bear follicles. Proximally, the lunules become narrower, andare 
more frequent on the inferior surface, thus giving this carina a 
curved appearance (Pl. 21, figs. 8 and 11). The anterior carina 
terminates distally in two or three large, obtuse mu.crones. The 
supero-posterior carina is narrow and formed of a single row of small, 
discrete, narrow lunules or clenticles, which broaden and increase in 
number proximally to cover the bas~ l convexity (Pl. 21, figs. 11 and 
12) . . The supero-posterior carina terminates distally in a large, 
folliculated mucro. The postero-inferior carina (Pl. 21, figs. 8 and 
11) consists of raised, folliculated denticles in a less orderly row 
than those of the supero-posterior carina. Proximally, these 
denticles become broader, raised lunules and cover the .basal 
convexity. Distally, the postero-inferior carina terminates in a 
large, multifolliculated mucro or pair of mucrones. 
The proximal joint of podomere 4 bears antero-superior 
and postero~inferior articulations. The distal edge of podomere 4 , 
apart from the mucrones already ment ioned, is denticulated with s mall 
lunules, which incre.<i se in size at the carinal termini. A superior 
articulat ion is present, surrounded by three multifolliculated 
mucrones, and the dis tal edge continues anteriorly as a "bar" without 
a membrane to t he anterior ca rina l mucrones where there is a further 
weak articulation. The distal edge i s emarginated on the infero--
. posterior s i de where much membrane occurs (Pl. 20, fi g. 10; Pl. 21, 
fig. 6) . 
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f) PODO!vIERE 5 
Podomeres 5 to 9 bear no similarities in shape with 
any podomeres mentioned so far, althour,;h they may have some 
characters in common with other podomeres. Podomere 5 (Pl. 20, 
figs . 10 and. 16; Pl. 21, figs. 6, 9 and 10; Pl. 22, figs. 6, 7, 12 
and 14) is short, but the distal diameter is greater than the 
proximal diameter, hence it appears to taper proximally. 
The superior surface is roughly trapezoidal and 
generally appears quite flat and smooth. There is, however, an 
elongate patch of faint lunules in the anterior half of this 
surface, which terminates dista lly in t wo folliculated lunules. 
'l'here is also another short row of about three lunules running 
obliquely antero-proximal - postero-distally adjacent to the 
postero-superior articulation, which terminates in a folliculated 
lunule. Posterior to this folliculated lunuJ.e, on the distal 
edge, is another folliculated lunule, and posterior to this is the 
large, pointed terminal multifolliculated mucro of the supero-
posterior carina. 
The supero-posterior carina consists of narrow, 
discrete, raised denticles without follicles (Pl. 22, figs. 6, 12 
and 14). In side view (Pl. 22, figs. 6 and 12), this carina curves 
very gently over most of its length, but curves more steeply inwards 
proximally. 
The anterior carina consists of broad lunules, many 
with follicles, two or three abreast but increasing to four or five 
abreast proximally. Dista lly, this carina termina t es in a very 
large, multifolliculated mucro (Pl. 22, fig. 12) . This carina is a 
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little shorter than the supero-posterior carina. 
The antero-inferior surface is smooth, and shorter 
than the superior surface. Distally, its edge runs in a broad S-
shape, starting anteriorly as part of the terminal anterior carinal 
mucro, it is lunulated along the . middle section, and terminates 
inferiorly in thre e l arge, . triangular mucrones (Pl. 21, fig. 10; 
Pl. 22, figs. 6, 7 and 12). These mucrones are characteristic of 
podomere 5. The mi ddle mucro is the largest of the triplet. In 
some specimens (Pl. 20, fig . 10; Pl. 21, fig. 6) subsidiary mucrones 
occur between the major three . 
A short carina of narrow, raised, folliculated lunules 
runs in a curve antero-proximal postero-distally. It starts at a 
point infero-subproximally as a patch of small, faint lunules, and 
terminates distally in a folliculated tubercle (Pl. 22, figs. 6 and 
14) just posterior to the triplet of mucrones. This carina may 
represent the postero-inferior carina of other podomeres. 
The postero-inferior surface is smooth. The distal 
edge of this surface bears strong denticles uhich appear almost to 
be a continuation of the postero-inferior carina, as this edge runs 
obliquely infero-proximal - postero-distally up to the terminal 
supero-post~rior carinal mucro (Pl. 20, fig, 10; Pl. 22, fig. 6). 
The proximal joint bears superior and antero-superior 
articulations, but these are not easily discernible. The distal joint 
appears to bear a sinele, postero-superior articulation point, but 
articulated specimens (Pl. 21, fig. 9; Pl. 22, fies , 11, 13 and 14) 
s how a f a irly close co1mection at the antero-inferior distal edge with 
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podon0re 6. The superior edge anterior to the postero-superior 
articulation is recurved, forming a bar (Pl. 21, fig. 10; Pl. 22, 
figs. 6 and 12), but much a.rthrodial membrane is present here (Pl. 
20, fig. 10; Pl . 21, fig. 6). Posterior to the postero-superior 
articulation, the distal edge is not recurved but bows ouhrarcls 
and distally, co1mecting directly with podomere 6 (Pl. 20, fig. 1 O; 
Pl. 21, fi gs. 9 and 10; Pl. 22, fiGs . 7 and 12). 
g) PODO;·IBRE 6 
Podomere 6 is most distinctive in shape (Pl. 22, 
figs. 1, 8, 11 and 13). Holm (p. 25) described it as bell-shaped, 
but with its four acute distal points, the shape is more reminiscent 
of the fruit of the Water Chestnut (TraJ?.a. natans). It is largely 
due to the shape of this podonere and the orientations of its joints 
that the flattened distal podomeres of limb VI were able to be used 
in rowing (Chapter 16). The terninology of the surfaces is arbitrary, 
and based oe.inly on the relationships of the surfaces to the 
identified carinae (Figure 68). 
The inferior surface, betveen the anterior and 
postero-inferior carinae, is approximately kite-shaped. The anterior 
and :postero-inferior carinae subtend an angle of just under 90° 1',here 
they meet antero-inferiorly at the anterior end of the elliptical 
proximal joint (Pl. 21, fig. 9; Pl. 22, fi gs. 1 and B). The 
inferior surface is fairly smooth but bears a few follicles ante1·iorly. 
The inferior distal border consists of two gent ly curved embay:nents, 
on either side of a markedl y prominent articulation (Pl. 22, fig. 13). 
The more posterior half of this edge is fairly straight adjacent to 
the articulation and runs roughly parallel to the anterior carina , 
but curves more strongly up to the terminal postero-inf'erior carinal 
100 
mucro, caus ing t hi s edge to be J-shaped. 'l'he anterior half of the 
inferior dista l edge forms t he inferior border of a distal pla tform 
or "col 11 between the large t erminal mucrones of the posterior 
carinae and t he inferior articula tion (Pl. 22, figs. 1 and 8). The 
posterior half of the infer i or dis tal edge forms part of the distal 
joint. 
The anterior car i na (Pl. 22, figs. 1 and 8) consists 
of folliculated lunules, three or four abreast, and terminates in a 
l ar ge mucro or fixed tooth composed of many small denticles. The 
mucro bear s many follicles (Pl . 22, fi g. 8). 
The superior surface is rhomboidal and bounded 
proximally by the proximal joint, anteriorly by the anterior carina, 
posteriorly by the supero- posterior carina, and the distal edge 
consists of a gently curved , serra ted embayment. The superior surface 
bears a patch of small lunules in the central area. The distal edge, 
which is strongly serra ted (Pl. 22, figs. 1 and 8), forms the 
superior edge of the distal platform. 
The supero-pos terior carina (Pl. 22, figs. 1, 8 and 
14) consis ts of a s i ngle, curved line of discrete, raised, narrow 
lunules or denticles, one or t wo of which bear follicles. Proximally , 
it starts a t t he poster ior end of t he elliptica l, proximal joint, 
and it termi na tes di s t a lly in a large, multifollicula ted mucro or 
tooth. This tooth is flanked (Pl . 22, fig. 8) by denticles , and it 
overlooks t he distnl platfor m. 
The posterior surface is approxinat el y t riane-ula.r . 
Superiorly it is bounded by the proxi mal jo i nt and t he supero-
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posterior carina , inforiorly it is bounded by the postero-inferior 
carina , and the dista.l edge is fa:i.rly straight, except near the 
terminal pos t ero-infer ior carinal tooth, and lunulated. A cluster 
of lunules occurs near the distal edge adjacent to the terminal 
postero-inferior carine.l tooth. 
The pos tero- inferior carina consists of low, 
crescentic lunules, t wo abreast, in a straight line. It runs from 
the posterior end of the :proximal joint, and terminates in a large, 
folliculated mucro or tooth . 
The proxi mal joint is elliptical, and bears one 
articulation postero-superiorly, near the posterior end (which is 
closely connected to podomer e 5). The anterior end is closely 
attached t o the antero-inferior distal edge of podomere 5. 
The distal joint lies in hm planes. The elongate 
elliptical part runs aluost parallel to the long axis of limb VI, 
and parallel to the anterior carina (Pl. 21, fig. 9; Pl. 22, figs. 
1, 8, 11 and 13), The more circular part lies in a plane amost at 
right angles to t he elliptical part and is bounded by the distal 
platform. A strong articulation occurs on the inferior side of the 
joint, at the junction of the two parts of the joint, and projects 
t ovrar ds the joint axis. A close connection with podomere 7 occurs 
on the superior side of the elongate part of the joint. 
h) PODOEERE 7 
Podomere 7 is highly flattened in what is here , for 
convenj_ ence, t ermed supero-inferior l y. T11e superior and i nferior 
surfaces are greatly expanded and a l most the same shape (i .e. mirror-
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:i.mages). Both surfaces are smooth, apart from two or three 
follicles. The main criteria for distin6"U.ishing the inferior and 
superior surfaces are the shnpes of their proximal and distal 
borders (Fig . 68; Pl. 22, fi g. 4)~ The cross-sectional profile 
appears to have been an elongate ellipsoid, with no anterior 
thickenint: as would occur if the blade was used as a hydrofoil. 
The anterior carina consists of folliculated 
lunules proximaJ.ly, but dista lly these become raised into small 
folliculated denticles~ a.rid the terminal feature is a large, 
flattened, serrated and mul tifolliculated tooth (Pl. 22, fig. 4). 
The carina itself rtms in a. curve for most of its lene;th. 
The posterior carin~ consists of fo l liculated 
lunules along the whole of its length, two or three abreast. This 
carina is greatly curved and only minor denticles are developed 
distally. No major terminal mucro is developed. Due to its 
positiori in articulated specimens (Pl. 21, fig. 9; Pl. 22, fig. 11), 
this ca.rina may be analogous to the postero-inferior carina of 
podomere 6 and other podomeres. 
The proximal joint is a similar shape to the 
distal joint of podomere 6. The superior edge is J-shaped, with a 
strongly curved anterior part . The inferior edge is gently curved, 
apart from a rhomboidal notch which occurs where this edge attaches 
to the large articulation of the distal edge of podomere 6 (Pl. 22, 
figs. 4 and 5). 
The dis tal border of the infer ior surface is fairly 
s t rai ght , and bears ru-1 articula tion a l mos t a t t he ant erior end. 
103 
I 
I 
I j. 
'l'he distal edce of t he superior surface runs in a gentle S-sha.pe, 
the salient anterior part is a. l i ttle more strongly curved and fo 
also incurved. An articulation occurs close to the anterior end 
of this edge. Between the apex of the salient part of the 
superior dii:ita l edge and the most proximal part of the re-entrant 
distal edge , the edge is finely ·dentate and may represent the 
vestige of a supero-posterior carina. These fea tures may be seen 
on Plate 22, figure 4, 
A laree, flat, approximately triangular lobe (7a) 
is attached to the distal edge of podomere 7, This lobe is not a 
true podomere as it bears only a proximal joint and is not a 
terminal limb podomere. Lobe 7a may rep:resent a flattened distal 
movable spine of podomere 7, or may have been a part of podomere 7 
which has become movable. Plate 22, figures 2, 5, 10 and 11 show 
7a. 
The inferior surface of lobe ?a is almost triangular 
and devoid of sculpture. The proximal edge for~s one half of the 
proximal joint. The poster ior edge, which meets the proxima l edge 
at a right angle , is very gently curved and appears to be an 
extension of t he posterior carina of podomere 7 (Pl . 22, fig. 5), 
The posterior edge bears a number of follicles at its distal end. 
The antero-distal edge i s strongl y serrated. The proximal, ant erior 
part is fine l y serrated, but distally t he teeth increas e in size 
up to the postero-dis tal angle 1-rhere t}1e l argest tooth is present 
(Pl . 22, fig. 10), The teeth are asymmetric , the anterior side 
being longer than the posterior . The superior surface is a lso 
smooth, and differs from the inferior surface only in the shape of 
the proximal edge, which is expanded proximally to fit the broad 
I' 
re- ent:ra.nt pa.rt of the superior dista l edge of podomere 7, 
i) PODOMERE 8 
Podomere 8 forms t he distal part of the pe.ddle. 
It is approximately elliptical in outline, flattened in the same 
plane as podomere 7 and has a similar cross-section. The superior 
and inferior surfaces are mirror-images of each other. Both are 
smooth apart from a few scattered follicles near the anterior and 
posterior edges. Podomere 8 is shoim on Figure 68 and Plate 22, 
figures 2, 5 and 11. 
The posterior edge or carina is composed of discrete, 
folliculated denticles which increase in size distally, and the edge 
terminP-tes in a large, flat mucro. The anterior edge is composed of 
smooth denticles proximally, and becoI'.les serrated distally. Sane 
of the serrations are large, and are interspersed with smaller 
serrations. Many of the serrations are fol l iculated. The anterior 
edge terminates in a large flattened tooth. 
The proximal joint is elliptical in cross-section 
and bears one articulation antero-su~eriorly, and another articula-
tion antero-inferiorly. The distal joint is very short, elliptical 
and lies at the bases of the terminal carinal teeth. Articulations 
are present at the anterior and posterior ends of the distal joint. 
j) PODOEERE 9 
Podomere 9 is leaf-shaped, being flattened and 
obtuse1y pointed, but ·uith a wide, elliptica l proxi mal joint 
bearing anterior and pos t erior articulations. Podomere 9 bear s no 
fo llic les, but has t he internal coni cal pigment ed t issue (as do the 
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terminal teeth of podomere 8 ) characteristic of termi nal limb 
podomeres and spines. When articul a ted , the anterior edge lies 
partly inferior to the anter io:c terminal mucro of podomere 8, and 
the posterior edge lies partly superior to the posterior terminal 
mucro of podomere 8. 
3, 9 and 11. 
Podomere 9 is shovm on Plate 22, fi gures 2, 
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Plate 19. figure 1. Ar 50137 X25. Podomeres 8 and 9 of limb V, inferior aspect, 
anterior to left. figure 2. I3406/19 X11. Podomeres 7 to 9 of limb V, 
superior aspect, anterior to right. figure 3. I3406/2 X3. Anterior 
part of prosoma, ventral aspect. figures 4 and 5. Ar 49925 X15.5. 
Superior (figure~) and inferior aspects of podomere V6. figure 6. 
Ar 50001 X16.5. Podomere V9, inferior aspect, distal end showing 
abrasion. , figure 7. Ar 50108 X60a Distal tip of podomere V9 showing 
follicles and internal black body. figure 8. Ar 47578 X3. Coxae 
V and VI and metastoma, ventral aspect. figure 9. Ar 50046 X28. 
Gnathobasic teeth of coxa VI. figure 10. Ar 49951 XS. Gnathobase 
of coxa VI, inferior aspect. figure 11. Ar 50049 X2.5. Coxa VI, 
inferior aspect, posterior to left, mesial to top, showing surface 
sculpture. figure 12. Ar 49951 X5. Coxae V and VI, inferior aspect, 
anterior to top, mesial to left. 
Figure 69a I3406/2. Figure 70. Ar 475_78. 
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Plate 20. figure 1. Ar 50176 X7. Worn gnathobase VI, superior aspect. 
figures 2 and 4. Ar 50177b X3. Superior (figure 2) and inferior aspects. 
figure 3. Ar 34713 X17. Gnathobase VI, mesial aspect, inferior to top, 
gnathobase II in front. figure 5. Ar 50049 X20.5. Large tooth of 
gnathobase VI showing papulose surface. figure 6. Ar 34713 Xii±. 
Gnathobase VI, inferior aspect, distal to left, gnathobase II on 
righto figiu;es 7 and 8. Ar 50081 X8.5. Gnathobase VI in superior 
(figure 7) ,and inferior aspects. figure 9. Ar 49951 X30. Distal 
infero-anterior articulation of coxa VI, inferior aspect, distal 
to right, anterior to top. figures 10 and 16. Ar 50166 X4. Inferior 
(figure 10) and superior aspects of podomeres VI2 to VI5. figure 11. 
Ar 50078 X12. Gnathobase VI, superior aspect. figure 12. Ar 50074 
X7.5o Gnathobase VI, inferior aspect. figure 13. Ar 50111± X19. 
Anterior part of distal joint of coxa VI, showing attachment to 
ventral marginal plate of prosoma (right), and infero-anterior 
articulation (left). figure H,. Ar 5011±6 X7. Podomeres VI2 and VIJ, 
superior aspect. figure · 15. Ar 50172 Xl±. Coxae V (top) and VI and 
metastoma, superior aspect. 
Figure 71. Ar 50166. Figure 72. Ar 50177b. Figure 73. Ar 5011±6. 
Figure 74. Ar 50172. 
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Plate 21. figure 1. Ar 50097 X8.5o Podomere VI3 attached to VI4, 
inferior aspect. figure 2. Ar 50120 X8. Podomeres 2,3 and 4 (part) 
of limb VI, superior aspect. figure 3. Ar 50123 X14. Podomeres VI2 
and VI3, inferior aspect. figure 4. Ar 49955 X25. Podomeres VI2 
and VI3, inferior aspect. figure 5. Ar 49929 X20. Podomere VI3, 
distal aspect, superior surface to left. figure 6. Ar 50057 X4.5. 
Podomeres VI4 and VI5, inferior aspect. figure 7. Ar 49929 x13.5. 
figures 8 and 12. Ar 499~6 X9. Podomere VI4, inferior (figure 8) 
and superior aspects. figure 9. Ar 50113 Xj. Podomeres 2 to 8 (part) 
of limb VI, inferior aspecto figure 10. Ar 50144 X7. Podomeres 
VII± and VI5, superior aspect. figure 11. Ar 49955 X13. Podomere VI4, 
superior aspect, distal to left. 
Figure 75. Ar 50120. Figure 76. Ar 50123. Figure 77. Ar 49955 • . 
Figure 78. Ar 49929. Figure 79. Ar 50057. Figure 80. Ar 50113. 
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Plate 220 figure 1. Ex E9/20 X15o Podomere VI6, superior aspect. 
figure 2. 13406/18 X8. Podomeres 7 (part) to 9 of limb VI, superior 
aspect, transmitted light. figure 3. 13406/18 X18. Podomere VI9 
in situ on VIS, superior aspecto figure 4. Ar 49913 X8. Podomere 
VI7, superior aspect, anterior to t..op, distal to right. figure 5. 
Ar 49937 X4. P,arts of podomeres 7, 7a and 8 of limb VI, inferior 
aspect. figure 6. Ex E9/45 X13. Podomere VI5, superior aspect. 
figure 7. Ar 49999 X4.5. Podomere VI5, superior aspect. figure 8. 
Ar 49924 X13.5. Podomere VI6, superior aspect. figure 9. Ar 49970 
X10.5. Podomere VI9 in situ on VIS, inferior aspect. figure 10. 
Ar 50180 X10. Lobe 7a, superior aspect, posterior to top, distal to 
right. figure 11. 13406/18 X4.5. Superior aspect. figure 12. 
Ar 50159 X14.5. Podomere VI6, inferioraspect. figure 130 13406/2 
X10 o5. Podomere VI7 attached to VI6 and VI8, inferior aspect. 
figure 14. Ar 50129 X10.5. Podomeres VI6 and VI7, inferior aspect. 
Figure 81. Ex E9/20. Figure 82. Ex E9/45. Figure 83. Ar 499240 
Figure 84. 13406/18. Figure 85. Ar 50129. 
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Chapter 12. 
ENDOSTOHA AND METASTOMA 
a) INTRODUCTION 
Both the endostoma and metastoma were adequately 
described by Holm (p . 28 §.1~. ). A detailed redescription is 
not given here, but photographs (Pl. 23, figs. 2, 3, 6, 8, 9, 11 to 
14 and 16) of better preserved specimens than have previously been 
figured are provided, together with some speculations regarding 
the homology and function of these organs. 
b) ENDOSTOMA 
The endostoma was well known to Holm (p. 29), and 
its bilobate form is illustrated here on Plate 23, figures 8, 9, 11 
and 16. Wills (1965, p. 104 and Pl. 2, figs. 1 to 3) described a 
posterior fold or "doublure" along the posterior border of the 
endostoma. No such doublure can be seen on any of' the specimens 
illustrated herein , and it is therefore probable that the fold seen 
by Wills on his (single) endostoma is an artefact. The posterior 
border of the endostoma has a definite shape (Pl . 23 , figs . 8 , 9 and 
16), and this edge is connected to thin cuticle (Pl. 23, fig. 11) . 
The anterior part of the endostoma merges more indistinctly into the 
setos e cuti cle of t he mouth (Pl. 23, figs. 8 , 9 and 11 ) . 
The endostoma is situated supero-anterior to the 
foremost part of the met astoma , in the r ear part of the oral cavity 
(Pl. 23, figs . 3 and 6) and, in life , would have been superior to 
the posterior tooth r ow of t he gnathobase of l imb VI (Pl . 23 , f i gs. 
3, 6 , 13 and 14; Fig . 99) . It may have functioned in separating 
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the chewing actions of coxa VI from those of the more anterior 
coxae, and perhaps also helped in pushing food forward and into the 
mouth (see Chapter 14). 
The endostoma of Baltoeurypteru§. is almost certainly 
homologous with the structure of the same name and occupying a 
similar position in Limulus. St6rmer (1934) discussed the possible 
origin of the endostoma and concluded that it probably represents a 
posterior sternite (metasternum or penta-metasternum, using arachnid 
terminology) of the prosoma. This suggestion seems reasonable, 
except that the change from sternite to endostoma implies a change 
of function. Probably the organ with the most comparable function 
to that of the endostoma would be a coxal movable endite. As coxa 
VI bears no movable endite, it is possible that it once did, and 
that the coxa VI endites have migrated dorsally and fused to become 
the endostoma, retaining their original function in part. This 
would also follow the trend suggested in Chapter 11, that the 
gnathobase of coxa VI developed, by fusion of teeth, from · one 
resembling the gnathobases of more anterior coxae. An isolated 
movable endite (of coxa V?) is illustrated on Plate 23, figure 10. 
The setae on the endostoma are less densely packed than on the 
movable endites, and the endostoma also lacks the stronger bristles. 
c) METASTOMA 
The metastoma was also well known to Holm (p. 28) 
and is one of the most characteristic and taxonomically useful 
features of the Eurypterida. The metastoma of Baltoeurypterus is 
illustrated here (Pl. 23, figs. ~ and 12). The functions of the 
metastoma appear to have been manifold. It almost certainly aided 
in food mastication by a) forming the rear part of the oral cavity 
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and thus preventing food from being lost during chewing , and 
b) actively holding food whilst the teeth of gnathobase VI broke 
it up, whilst also acting as a base about which coxae VI could 
possibly rotate (see Chapter 14). In the latter function the 
metastoma is an analogue of the chilaria of Limulus (See Manton , · 
1964). The great number of follicles on the surface of the 
metastoma (Pl. 23, figs . 2 and 12) suggest many setae were present 
in life, and in this respect an analogy with the sensory pectines 
of the scorpion may also be made . 
It is fairly certain that, as Holm (p. 29) originally 
suggested, · the metastoma is homologous with the chilaria of Limulus 
(see St~rmer, 1934, for a summary of the evidence). The metastoma 
therefore represents a fusion of two appendages, belonging to 
embryonic somite VII (first mesosomal segment) which is aborted in 
the adult. It is not , therefore, homologous with the pectines of 
scorpions. 
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Plate 23. figure 1. Limulus X3. Coxa V, inferior half, anterior aspect, 
gnathobase on left, trochanter to bottom right. figure 2. I3406/20 X5. 
Metastoma, inferior aspect, anterior to top. figure 3. Ar 50169 X10. 
Posterior part of oral cavity, sup erior a8pect, anterior to top. figure 4. 
Scorpion sp . X6.5 . Limbs IV and V, inferior aspect, showing torsion. 
figure 5. Limulu s x3.5. Oral cavity of moult, ventral asp ect, chelicerae 
(top), labrum , coxae II to VI and chilaria (bottom). figure 6. Ar 35341° 
X6.5. Oral cavity, dorsal aspect. figure 7. Macropipus X2.5. Left 5th 
pereiopod, superior aspect, is chi um (part) to dactyl (lef t). figures 
8 and 9. Ar 49944 X12. Eudostoma, inferior (fig . 8 ) and superior aspects, 
anterior to top right. figur e 10 . I3l106/15 X26 . 5. Movable endite of 
?coxa V, basal joint a t bottom, me s i a l to right . figur e 11. I3406/21 X8. 
Endostoma, i nferior asp ec t, anter i or to top righ t. fi gure 2. I3l106/20 
X6. Me t as t oma , super ior aspect , anterio r to top . figures 13 and 111. 
Ar 50179e X3. Ri ght coxae III to VI (part) and endostoma , superior 
(fig. 13) and inferior aspe cts . figure 15 . l,jmulus Xl1. Houl t, ar n mgement 
of organs around oral cavity, dorsal asp ec t, carap ace removed, anterior 
to top. f igure 6. Ar 50079 x7 .5. Endostoma, inf erior 1:1si1ect , anterior 
to top . 
Fi 6cure 86 . Ai· 50169 . Figure 87 . Ar 35341. Figures 88 and 89 . Ar 50179e . 
Figure 90 . Limulus . 
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SECTION III 
Chapter 13. 
HOMOLOGY AND ARTHROGENESIS 
a) INTRODUCTION 
It will be apparent from reading the previous 
section (II), and from Holm's work, that far more detailed 
morphological information is available for Baltoeurypterus, than · 
for most Palaeozoic arthropods. It is thus possible to make 
functional reconstructions of Baltoeurypterus, the accuracy of 
which approaches that which has been reached in investigations of 
Recent arthropod limb mechanisIDB. The obvious and major draw-
back in making functional interpretations of any extinct animal 
is that it is not possible to observe the animal in the process 
of performing the actions suggested by the structure. It is thus 
not possible to test the functional models except by using purely 
mechanical considerations and deductive reasoning. 
In this chapter the serial homology of the prosomal 
limbs is discussed, with special reference to modifications 
required for functional needs. The next three chapters develop the 
latter theme more fully with the aid of theoretical mechanical 
models. The function of the chelicera was discussed in Chapter 5 
and will not be referred to further, except in parts of Chapter 14. 
b) HOMOLOGY AND ANALOGY 
Homologous characters are those which are essentially 
similar in relative position and connections, and in adult structure 
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and development (Boyden, 1973), Homologues may be serial, that is, 
as linear series a.long the chief axis of the body of a single 
individual, or special, that is as corresponding parts of the bodies 
of individuals of different species. Analogous characters are those 
which are used for the same purpose. Homology and analogy refer, 
therefore, to similarity of form and similarity of function, 
respectively. Neither of these terms refer to the presumed ancestry 
· of an animal; although special homology may be of most importance, 
especially in palaeontology, in determining evolutionary relation-
ships. 
Couzijn (1976) listed several criteria which are 
useful, to a greater or lesser extent, in the homology of arthropod 
limbs. Of these, the most useful here are: the types of joints, the 
shapes of podomeres, the position of podomeres in relation to the 
shape of the whole leg and its points of flexure, and the distribution 
of cuticular features (e.g. carinae). Other criteria, such as 
innervation (Emerit, 1970), positions of tendon attachments (van der 
Hammen, 1970) and ontogenic limb development (arthrogenesis; Vachon, 
1945b) are not as useful in palaeontology. As Manton (e.g. 1977) 
has pointed out, many of the criteria given above, for example podomere 
shapes and joint arrangements, have evoloved to suit functional needs, 
and therefore two similarly shaped podomeres :may not necessarily be 
homologous but analogous. 
Figure 92 outlines, diagrammatically, a scheme of 
homology between limbs II to VI of Baltoeurypterus, and may also serve 
as a summary of the morphological _data from previous chapters. No 
two podomeres are alike, although some differ only in minor details. 
Sexual modifications are excluded. There are three basic topological 
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features found on nearly every arthropod walking limb, which, 
SU!Il!J8.rised by Nanton (1977, p. 200) are "one is its origin; the 
second is the tarsal end impinging on the ground; and the third 
is the lmee". 
o) THE COXA 
The basal limb podomere of Baltoeurypterus is 
readily distinguishable as the coxa. Trends in coxal shape from 
coxa II backwards are: 
1) a general lengthening of the coxa, thus placing the 
distal joint closer to the lateral margin of the 
carapace; this is especially marked in coxa V in which 
the distal joint is very close to the carapace margin, 
and there is a long mesial extension bearing the 
gnathobase and endite; 
2) progressive diminishment of the lintel; this correlates 
with the lateral shift of the distal joint; 
3) progressive loss of ventral movable teeth. 
The general increase in size of the coxae from front to rear 
correlates wit~ the increase in size (and also changes in function) 
of the limb rami. The differences in the gnathobases correlate 
with .their specific functions and positions around the oral cavity 
(Chapter 14). The movable endites decrease in size relative to the 
size of the coxa from front to rear, and hence remain roughly the 
same size. The movable endites of coxae VI may have fused to form 
the endostoma. 
d) TROCIDJ;TE?.AL PODOHERES 
Podomere 2 of limbs II to IV and podomeres 2 and 3 
of limb V and VI are homologous. This conclusion is reached after 
.consideration of the shapes of these podomeres, their positions in 
the limb, joint arrangements and cuticular features. Taken together, 
these features suggest a particular function which is common to all 
these podomeres, that of providing mobility between the coxa and 
the limb ramus. In other arthropods, the podomere(s) performing 
this function is generally termed the trochanter. 
The trends in the features of podomere 2 of limbs 
II to IV from front ·to rear are: 
1) a shortening of the length of the superior surface, so 
that the angle between the joint axes decreases; 
2) a gradual movement of the distal joint to the 
posterior, causing the more distal part of the limb 
to point more posteriorly; 
3) replacement of superior setae by lunules, which then 
migrate onto the antero-superior surface (or podomere 
torsion occurs) ; 
4) loss of antero-distal movable spine (present. only on 
podomere !!2) ;. 
5) increase in small spines anteriorly and setae 
posteriorly on distal joint. 
Trends 1 and 3 are continued by podomeres 2 and 3 of limbs V and VI, 
whilst trend 5 is reversed . 
There now remains the exp~anation of why podomere 2 
of limbs II to IV is equivalent to podomeres 2 and 3 of limbs V and 
VI, rather than podomere 2 of limbs V and VI alone. Whether the 
ancestral limb for:i: contained one or two podomeres in this position 
is largely irrelevant to a straightforward homological comparison 
but this will be discussed later . 
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1) Podomere 3 of limb V bears distal aupero-posterior setae and 
distal supero-anterior spines as found also on the distal edge 
of podomeres III2 and IV2, no such features are found on the 
distal edge of podomeres V2 and VI2 . 
2) The supero-anterior lunule field is common to all these 
podomeres (except II2). 
3) The supero-anterior surface is the most expanded on all these 
podomeres (except II2). 
4) All joints on these podomeres are pivots, if podomeres V3 and 
VI3 were homologues of podomere 3 of limbs II to IV, a distal 
hinge joint would be expected (Chapter 13e) . 
5) Many arthropods have introduced a second annular podomere, 
forming a double gimbal arrangement, to provide a greater 
angle of swing of the leg (Chapter 15). 
e) FEHORAL PODOHERES 
One topological feature of an arthropod limb mentioned 
by Manton (1977, p. 200) is the knee . The knee is the joint (usually 
a hinge joint) at which the greatest amount of flexure takes place 
during movement. It is usually the first hinge joint along the 
limb ramus, and is useful in homology amongst chelicerates in that it 
marks the junction between the femoral (proximal) and tibial (distal) 
podomeres. NorI!:.ally one femur, but sometimes two podomeres, occur 
between t he t r ochanter al podomeres and the knee . Podomeres II3 , 
III3, IV3, V4 and VI4 of Baltoeurypterus occur in this position . 
Characterist i c trends , f r om limb II to limb VI , of 
these podomeres (Fig. 92) are : 
1) an increase in length; 
2) development of an anterior carina, which probably correlates 
with the increase in length and hence a need for greater 
rigidity; 
3) development of posterior distal fixed spines which are 
then (podomeres V4 and VI4) replaced by terminal carinal 
mucrones; 
4) increasing antero-posterior asymmetry and change in 
orientation of articulation axes at the joints, associated 
with the directions of limb movements required. 
Podomere 3 of limbs .II to IV bear movable spines which podomeres 
V4 and VI4 do not. The latter podomeres bear posterior carinae, 
not found on podomere 3 of limbs II to IV, the possession of which 
probably correlates with the need for greater strength and rigidity 
in longer podomeres. 
f) PATELLAR AND TIBIAL PODONERES 
Distal to the knee, and before the tarsal podomeres 
are reached, occur two (in limb II) or three podomeres which a.re 
approximately equivalent to the patellar and tibial podomeres of 
arachnids. These are podomeres 4 and 5 of limb II, 4, 5 and 6 of 
limbs III and IV and 5, 6 and 7 of limbs V and VI (Fig. 92). 
Apart from limb VI, the swimming organ, the 
characteristic trends from limb II to limb V are similar to those of 
the femoral podomeres, and are: 
1) a general increase in length; 
2) development of anterior and posterior carinae, 
associated with 1); 
3) development of posterior distal spines or terminal 
carinal mucrones. 
Movable spines occur on these podomeres of limbs II to IV but are 
lacking on limb V. 
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The increase in the number of patellar and tibial 
podomeres and in their lengths, from limb II to limb V, correlates 
with a gradual change from a food gathering and food transport 
function of the anterior limbs, to a locomotory function 
necessitating a longer limb. Limb VI is adapted for swimming and 
this requires greater changes in podomere shape. Podomere VI5 has 
retained approximately the features of its counterpart on limb V 
but has become shorter and the distal joint is adapted for the new 
function. Podomere VI6 has retained traces of the carinae but 
otherwise bears little reseCTblance to its counterparts on other 
limbs. Podomere VI7 has also retained the carinae, but has become 
greatly flattened and has developed a lobe (7a) distally, possibly 
from an ancestral movable spine (Stprmer, 1974; but see Chapter 13b). 
g) TARSAL PODOHERES 
The penultimate podomeres of limbs II to IV (podomere 
VIS is again modified) are characterised by distal fixed spines. 
These podomeres occur in a similar position on the limb as the tarsus 
of arachnids. 
Proximally, a hinge joint is present, either with a 
close connection superiorly and an antero-superior articulation, or 
a strong antero-superior articulation and a weaker postero-superior 
one. The distal joint is a pivot with a horizontal articulation axis. 
The characteristic trends from limb II to limb V are: 
1) an increase in overall length; 
2) an increase in length of the fixed spines. 
Podomere VI8 is flattened for swimming, but retains 
the distal pivot and fixed spines, although the latter are very 
short . 
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Figure 91 • 
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Figure 910 Hypothetic a l podomere; key to Figure 92. 
Figure 92. Diagrammatic representation of the podomeres of limbs II 
to VI. Podomeres are not drmm to scale. Each is shown in antero-
lateral aspect, with the exception of podomeres 6 to 8 of limb VI 
whi ,::h are sho1m in approximately anterior aspect (VI6) and approx-
im~tely infero-anterior aspect (VI7 and VI8). The left-hand 
column depicts the coxae. Podomeres 112, 1112, IV2, V2, V3, VI2 
and VI3 are the trochanteral podomeres. Podomere_s 113, 1113, IV3, 
V1± and VI4 are the femo r al podomeres. Podomeres 114, 115, IIIl.1:, 
III5, III6, IV4, IV5, IV6, V5, V6, V7, V15, V16 and V17 a.re the 
patellar and tibial podomeres. Podomeres II6, 1II7, IV7, V8 and VIS are the tarsal podomeres. Podomeres 117, 1118, IV8, V9 and 
VI9 are the tenninal podomeres or apoteles. 
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h) TEREINAL PODOMERES 
Apart from a general increase in size from limb II to 
limb V, these podomeres (II7, !IIS, IVS, Vg) are all approximately 
the same shape. Podomere VI9 is shorter and flattened but is 
otherwise topologically similar to the rest. The equivalent podomere 
in arachnids is termed the apotele (see Couzijn, 1976)~ 
i) PIVOT JOINTS 
Pivot joints (see Manton, 1977, p. 192 for detailed 
definition) occur at the coxa - podomere 2, podomere 2 - podomere 3 
joints and at the most distal joint of all Baltoeurypterus limbs, 
and also at the podomere 3 - podomere 4 joint of limbs V and VI (Fig. 
93). The coxa - podomere 2 pivots bear strong infero-anterior and 
weaker supero-posterior articulations. The articulation axis at the 
coxa - podomere 2 joint becomes more vertical in the more posterior 
limbs, and this is correlated with the need for a promoter - remoter 
swing in locomotion. 
The podomere 2 - podomere 3 pivot joint of limbs II 
to IV has a vertical articulation axis. The corresponding 
articulation axis in limbs· V and VI (podomere 3 - podomere 4 joint) 
is inclined in order to retain an angular difference to the coxa -
podomere 2 joint in these limbs. Similar articulation axes to those 
of the podomere 3 - podomere 4 joint of limbs V and VI occur at the 
podomere 2 - podomere 3 joint of these limbs. The slieht differences 
in orientation of these axes, apart from providing the limb with a 
greater range of movenent, helped to avoid crowding of muscle 
connections. 
The pivot joint at the base of the terminal podomere 
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of limbs II to VI has a horizontal articulation axis, thus 
providing fairly strong, supero-inferiorly directed movements of 
the terminal podomere. These movements are particularly useful 
for a tactile function, whether on the substrate in walking or 
during feeding in the oral cavity. The range of movement at the 
podomere 8 - podomere 9 joint of limb VI was pro~ably fairly small, 
due to the elliptical nature of the joint (Fig. 93). 
The·vertical articulation axis of the proximal 
pivot joint of podomere VI8 obviously provides antero-posterior 
movements (although the exact orientation of this axis at any 
moment during swimming is unlikely to be exactly vertical). This 
pivot appears to have developed by migration of the posterior 
articulation of a superior hinge to an inferior position. The next 
two joints proximal to this are both pivots developed from hinge 
joints, but they still only bear a single articulation, the other 
end of the articulation axis passes through a point of cloee 
connection of the two podomeres. These are discussed in more detail 
in Chapter 16. 
j) HINGE JOTI;TS 
Hinge joints (see Hanton, 1977, p. 192 for detailed 
definition) occur where·a great amount of flexure is needed, but 
normally strength is sacrificed in order to achieve this . Hinge 
joints occur in Ilaltoeurynterus limbs at the proximal and distal 
joints of all the patellar and tibial podomeres, except those of 
limb VI. In particular, superior hinges with a single articulation 
occur at the joints between podomeres II4 - 5, III4 ~ 5, III5 - 6, 
IV4 - 5, IV5 - 6, V5 - 6 and V6 - 7. Superior hinces with either 
one articulation and a close podomere connection or two superior 
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Figure 93. Diagrammatic representation of the joints of limbs II to VI, drawn after the convention of Manton (e.g. 1977, Figs 5.15 and 10.2). The concentric lines represent overlapping podomeres, the inner line being the distal podomere margin. Articulations are 
sho,m. by black spots, close podomere connections by a curved line, 
and articulation axes by straight lines (body - coxa articulation 
axes are tentative and therefore dashed). Each joint is viewed 
proximally and end-on, with the anterior face of the limb to the left and superior uppermost (with the exception of the VI6 - VI7 joint, where an attempt has been made to depict it 3-dimensionally 
from the supero-lat.eral aspect, anterior to left). Pivot joints are those in which the articulation axis bisects the 
joint (concentric lines). Hinge joints are those in which the articulation axis is tangential 
to the concentric lines. 
<! 
H 
0 
0 
0 
e-
0 
'®, 
,, 
-@-
I 
@ 
I 
<! 
8· 
G, 
0 
0 
0 
a 
(Q) 
(g 
I 
~ 
~ H H 
H 
8 · . ·8· 
0 0 
-e- -8-
a a 
(Q (Q) 
(g (g 
© © 
I ~ @) I 
Figure 93. 
~· -·~~ 
~ H .• H ;:t I ~ -'.O 
8· C'":l to 0 0 q H pi I 
C'":l 
0 
~j 
Sll 
0 I 
C, 
0 
>! 
tv ,:; 
I 
~ 
l'V 
I 
I.ii 
-8- vl t.; I I 
,!:- vl 
I 
it:- l..>I I 
Q I I I 1...:~ I IJl ~ j 1 1~ I 
\Jl ~I I 
i 
~H O'I i., I g o, 
~1-~, I 
'1 O'I I 
I 
(g '1 O'I \..'l I I I 
00 "'1 ::;-... 
! 
I (ill) (X) "'1 l :J'I 11 I i j 1 '1 
I \0 00 l'l 
I II 
articulations occur at these joints: II3 - 4, II5 - 6, III3 - 4, 
III6 - 7, IV3 - 4, IV6 - 7, V4 - 5, V7 - 8 and VI4 - 5 (Fig. 93). 
Note that the most proximal hinge marks the knee, 
and the most distal hinge the basal joint of the tarsal podomeres 
and hence these hinges effectively delineate the patellar - tibial 
region of the limb. This region is therefore the area of greatest 
possible flexure of the limb. 
k) SPECIAL HOMOLOGY 
It was suggested above that Baltoeurypterus limbs 
could be divided into regions based on the shapes of the podomeres, 
the positions of the podomeres in the leg, and hence also the 
functions of the podomeres. Coxal, trochanteral, femoral, patell&T -
tibial, tarsal and terminal regions were recognised. Although for 
a direct comparison of the limbs of Baltoeurypterus with those of 
other chelicerates a knowledge of limb musculature is required, 
enough information is available for some suggestions of possible 
homolo~ies to be made. The existing chelicerate terminology is 
used, and these homologies do not necessarily imply phylogenetic 
relationships. 
Podomere 1 of limbs II to VI is called the coxa. 
Podomere 2 of limbs II to IV may be termed the trochanter, podomeres 
2 and 3 of limbs V and VI would then be trochanter 1 and trochanter 
2 respectively. Podomere 3 of limbs II to IV and Podomere 4 of limbs 
V and VI may be termed femur. The terminal podomere, as it bore 
tendons, is thus a true podomere and may be called the apotele, and 
the penultimate podomere may be termed the tarsus. 
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The major problem however, with the lack of muscle 
evidence, is to correctly name the patellar and tibial podomeres. 
The limb of Baltoeurypterus with fewest podomeres (chelicera 
excepted) is limb II, and thus podomere II4 could be called the 
patella and podomere II5 the tibia. Limbs llI to V have three 
patellar - tibial podomeres, the basal and terminal joints of this 
triplet are asymmetric hinges and thus the first and third of these 
podomeres can, perhaps, be compared directly to the patellar and 
tibial podomeres of limb II. The middle podomeres of the triplet 
have superior hinges with a single articulation at both joints, and 
whilst comparable to each other, there is no obvious term in arachnid 
nomenclature for them. Either the middle podomere is termed the 
tibia, B.!ld the third podomere the metatarsus or basitarsus (in which 
case podomere II5 would also be meta- or basitarsus, and II4 fused 
patella and tibia and hence retain the term tibia), or the names 
are retained as above, and another term (cotibia) used for the 
middle podomere. The latter option is preferable. 
The problems mentioned above are bound to arise when 
an attempt is made to homologise limbs with differing numbers of 
podomeres. Hansen (1930) attempted to classify the podomeres of the 
stylonu:rid limb. He suggested the following (terms used herein in 
brackets): praecoxa (coxa), 2 transcoxae (trochanters), praefemur 
(femur), femur (patella) patella (cotibia), tibia (tibia), tarsus 
(tarsus), transtarsus (apotele). St~rmer (1934, 1936, 1963) made 
reference to Hansen's scheme and (St~rmer, 1955) proposed his own 
scheme for eurypterid limbs based on this, which is as follows: 
coxa, trochanter (1 and 2), prefemur, fe~ur, patella, tibia, tarsus 
and pretarsus (= apotele herein). These schemes appear to take no 
account of the position of the knee, which is preceded by the femur 
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and followed by the patella. In St,ermer's scheme, the knee is 
followed by the femur. 
The chelicerate groups with the closest joint 
arrangement to the eurypterids are the Solifuga.e, Ricinulei and 
actinotrichid mites. Hansen (1930) concluded that the presence of 
a double trochanter was a primitive feature which had been retained 
by these Recent arachnids. Such speculation is entirely fruitless 
and takes no account. of the functional significance of a double 
trochanter, which may have evolved independently in each of these 
groups. 
1) ARTHROGENESIS -
Although an archetypal arthropod limb with a 
basically similar number of podom.eres does not exist, nor has ever 
existed (Hanton, 1966), the three topological points (origin, knee 
and terminus) "were probably the first to be differentiated on an 
evolving jointed leg" (Hanton, 1977, p. 201). Manton continues 
"but there is every reason to suppose that different numbers of 
joints and podomeres were formed proximal and distal to the knee 
in different taxa". This view is similar to that put forward by 
Vachon (1945a and b) , and later developed by Emerit (1970), for the 
arachnids. These authors (Vachon using evidence from larval 
Limulus) envisaged a primitively tripartite limb consisting of coxa, 
protofemur and tibiotarsus. The protofemur (a) and tibiotarsus (b) 
then differentiate into (a) trochanter and femur and (b) patella, 
tibia, basitarsus and tarsus (in Araneida). Notice that the 
protofenur - tibiotarsus junction is the knee. 
Most authors agree that the function of the limbs of 
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the earliest arthropods was in walking. The simplest walking leg 
is one with many, short, undifferentiated podomeres, each separated 
by simple joints permitting only little flexure at each joint 
(Manton, 1973b, p. 273). Presumably the need for a promotor -
remoter swing of the leg gave rise to the basal pivot joint, the 
knee developed and differentiation of the podomeres proceeded. 
St.irmer (1963, 1974) considers the "primitive" limb of eurypterids 
to be the "spiniferous leg", the primary function of which was in 
walking. He (1974) derives all other types of eurypterid limbs from 
this "generalized leg". The primary function of the spinose 
anterior limbs of Baltoeurv-nterus is here considered to be in 
feeding (Chapter 14), although these limbs probably developed from 
walking limbs and retain the latter function to some degree. 
Surely spines would be a hindrance on a limb primarily designed for 
walking. 
The Baltoeurypterus limb best suited for a walking 
function is limb V (Chapter 15). The evolution of this limb is 
suggested below, and closely follows that envisaged by Iilanton (1973b) 
for arachnid legs. 
1) Transfer of main promoter - renotor pivot axis from body - coxa 
joint to next distal joint, greater coxal stability. 
2) Development of knee. 
3) Addition of another pivot joint proximally on the ramus to 
provide levator - depressor move~ents of limb. 
4) Addition of a further proximal pivot to provide a greater angle 
of swing of limb. 
The number of podomeres distal to the knee varies in the arthropods 
and is probably dependent upon the le~gth of the limb and amount of 
flexure required. Development of movable spines after stage (3) above 
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would have given rise to a limb more suitable for food gathering. 
Flattening of the distal podomeres would have given rise to the 
swimming limb, after stage .(4) above. Further modifications 
would have accompanied the changes to feeding and swimming functions 
(described in later chapters). 
m) SUMMARY 
The podomeres and joints of the limbs of 
Baltoeurypterus were compared and contrasted, and an outline serial 
homology constructed. Certain topological and functional parts of 
the limb were recognised and compared to similar regions of the 
limbs of other chelicerates. Thus an attempt at special homology was 
made whilst acknowledging the lack of evidence from muscle insertions 
and embryology. It was considered that, as the function of the 
earliest arthropod limb was almost certainly that of walking, to 
which the "spiniferous leg" of St~rmer (1963, 1974) was poorly suited, 
both spinose and swimming limbs were probably derived from simple 
walking limbs. 
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Chapter 14, 
FEEDING 
a) INTRODUCTION 
The feeding mechanism of Limulus has been known for 
many decades (e.g. Patten, 1894) but, surprisingly, there has been 
hardly any mention of the possible feeding mechanism of eurypterids, 
except to say that ~he coxal gnathobases were used for food 
mastication. Patten (1894) briefly outlined the chewing movements 
of Limulus coxae, before describing his elegantly simple but 
effective experiments to determine the gustatory organs. Manton 
(1964) provided the most detailed description of the feeding mechanism 
of Limulus and Tachypleus. She showed that the coxae of these 
animals are able to perform two quite distinct actions. Transverse 
adduction is produced by contraction of plastrocoxal muscles which 
arise from the anterior and posterior proximal margins of the coxa 
and insert on the endosternite (Figs. 95 and 97), During adduction, 
the basal joint of the coxa acts as a hinge as the coxa articulates 
dorsally by means of a !-shaped pleurite set in the leathery cuticle 
of the ventral body wall.(Fig. 98a). Manton considered that 
abduction is caused by contraction (with a low mechanical advantage) 
of a tergocoxal muscle (No. 25 in the numbering system of La.n.kester 
et al., 1885) which arises on the other side of the pleuro-coxal 
articulation and inserts on the carapace . Promotor - remotor 
moveoents of the coxa are caused primarily by alternate contraction 
of tergocoxal muscles which arise on the anterior and posterior 
proximal margins of the coxa adjacent to the pleuro-coxal articula-
tion and which insert on the carapace. During promotor - remotor 
movements , the body - coxa joint acts as a pivot , the articulation 
axis passing through the pleuro-coxal articulation and the ventro-
medial end of the joint (Fig~ 98b). Promoter - remotor coxal 
movements are advantageous in walking. 
Wyse and Dwyer (1973) re-examined the coxal 
movements of Liraulus in their study of neuro-muscular rhythms 
involved in these movements. They showed that during transverse 
adduction - abduction, the coxal movement pattern resembles the 
plot of a hysteresis loop rather than a simple arc. This 
"hysteresis" requires movement of the pleuro-coxal articulation. 
The Y-shaped pleurite, although immobile during promotor - remotor 
movements, is relatively free to move dorso-laterally. Wyse and 
Dwyer observed movements of the pleuro-coxal articulation during 
chewing. Manton (pers. comm.) agreed that too much emphasis had 
been placed on the role of the Y-shaped pleurite, which she stated 
(1964) is "situated at the edge of the leathery pleural wall't, 
leathery implying only partial rigidity. Wyse and Dwyer (1973) 
also showed that muscle 25 is not active during abduction, only 
muscle 26 (Fig. 95) which is the principle promoter. They suggested 
that muscle 26 is recruited only during strong chewing cycles. 
Without an identified abductor muscle, some other method of 
abduction must be suggested, and the older idea of passive abduction 
under hydrostatic pressure cannot be ruled out. Since successive 
coxal pairs adduct alternately (Hanton, 1964) , whilst two pairs are 
adducting, fluid pressure will be increased and the other pairs may 
abduct under this pressure. Scorpion co:xae III and IV (of walking 
legs 1 and 2) move during feeding without any apparent basal joint 
or specialised musculature (Couzijn, 1976). 
In contrast, remarkably little has been written 
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concerning the possible coxal movements during eurypterid feeding. 
Stirmer (1933) , in his long paper on the Eurypterida , stated : 
"The masticatory function of the appendages was performed by the 
coxae." An alimentary canal, resembling the Limulus gut in shape 
and position, was reported in a juvenile specimen of Eusarcus 
newlini by Ruedemann (1919). The coxa of the eurypterids resembles 
that of the xiphosurans in a great many details and this single 
feature probably provides the most sound basis for placing the two 
groups together in the Merostomata. The form and function of the 
coxa of Baltoeurypterus are here compared and contrasted with those 
of the Limulus coxa , as is the arrangement of the organs around the 
oral cavity. The modifications of the limbs of Baltoeurypterus used 
in feeding are discussed and functional reconstructions are 
presented. 
b) THE COXA - FORM AND Fml"CTION 
The shape of the Limulus ccxa can be correlated with 
the functions it is called upon to perform. The following features 
are associated with the role in food mastication (Fig. 98): 
1) Possession of a toothed gnathobase for trituration 
of food (Pl. 23, fig. 1). 
2) · Possession of a movable endite dorsal to the fixed 
gnathobasic teeth to aid in pushing food into the 
mouth . 
3) Extended dorsal flange articulat~ng with the Y-shaped 
pleur ite to increase the distance between muscle 
origin and articul a t i on f or bet t er leverage during 
adduction. 
4) Relative antero-posterior flattenine so that as many 
coxae as possible may be positioned around the oral 
cavity. 
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The following features correlate with the function 
of the Limulus coxa in providing the promoter - remotor swing of 
the limb during walking (Fig. 98). 
1) Relatively straight body - coxa connection about which 
the coxa pivots. 
2) At least one strong articulation (pleuro-coxal) to 
form one end of the pivot axis. · 
3) Coxa - trochanter joint as far from the pivot axis as 
possible for greater angle of swing. 
The Baltoeurvpterus coxa exhibits similarities and 
differences to the Limulus coxa, reflecting parallel and divergent 
coxal functions respectively. Features common to both the Limulus 
and Baltoeurypterus coxae are (cf. Figs. 96 and 97): 
1) the possession of a toothed gnathobase; 
2) the possession of a movable endite (except coxa VI 
in both cases); 
3) the lintel of the Baltoeurypterus coxa corresponds 
to the extended flange of the Limulus coxa, both 
structures exhibit a characteristic bilobation; 
4) distinct antero-posterior flattening. 
It may also be noted he~e that the supero-posterior 
muscle ~ttachment site of the Baltoeurvpterus coxa (Fig. 96) 
corresponds to the muscle attachment area of the posterior proximal 
margin of the Limulus coxa (Figs. 96 and 97, and Pl. 23, fig. 15). 
All the features mentioned above are concerned with the role of the 
coxa in food mastication. 
The major differences in the form of the 
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Bal toeurypterus and Limulus coxae are (Figs • . 96 and 97): 
1) the distinctly curved or S-shaped coxa - body junction 
in Baltoeurypterus, which in Limulus is fairly straight; 
2) the lack of a strong pleuro-coxal articulation in 
Baltoeurypterus, in which the connection of the 
superior edge of the lintel (distal end of the coxa -
body joint) to the ventral marginal prosomal plate is 
wide but firm; 
3) the coxa - podomere 2 joint in Baltoeurypterus is 
situated immediately inferior to the lintel, and hence 
close to the connection of the lintel to the ventral 
marginal .prosomal plate, in Limulus the coxa - trochanter 
joint is as far removed as possible from the pleuro-
coxal articulation (Pl. 23, fig. 1). 
Thus, in a direct comparison with Limulus, the coxa of Baltoeurypterus 
is poorly suited for the provision of a promotor - remotorswing. 
Manton (pers. comm.) has suggested that a very limited amount of 
promoter - remotor swing was probable in the BaltoeuryPterus coxa, 
but, as shown by the evidence presented here, this podomere is 
certainly not as well adapted for providing these movements as the 
Limulus coxa is. 
It is thus apparent that the Baltoeurypterus coxa 
could perform adduction - abduction chewing movements, but the 
promotor - remotor movements were strictly limited, and could not 
have provided the main promotor - remotor movements of the whole 
limb. The coxa did, however, provide insertions for the muscles 
which arose on the proximal podomeres of the ramus. Thus the 
second function of the Baltoeurypterus coxa was to provide a fairly 
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firm base to the -limb on which the ramus articulated durine walking, 
swimming, food gathering, etc. In this respect, the Baltoeurypterus 
coxa is analgous to the coxae of the arachnids, which are fixed, or 
nearly so, and have precisely this function (e.g. see Manton, 1977, 
Chapter 10.5.E). 
Figure 96 shows a reconstructed transverse section 
through Baltoeurvnterus to give an indication of the arrangement of 
muscles that might have been present to provide coxal movements 
(cf. Figs. 95 and 97). There is no direct evidence for these 
muscles, nor for the endosternite, apart from some supposed muscle 
scars on the coxae. The reconstruction was produced from comparisons 
with Limulus and taking into account mechanical considerations. 
Muscles arising on the coxa and inserting on the endosternite may 
be called plastrocoxals, there were probably anterior and posterior 
sets of these. Muscles arising on the coxa and inserting on the 
interior side of the carapace may be called tergocoxals, these were 
probably muscles from the lintel, and there were probably anterior 
and posterior sets . Suspensory muscles of the endosternite may be 
called plastrotergals. Contraction of the plastrocoxals would have 
provided the main adductor movements, and possibly any promoter -
remoter action. The tergocoxals would have provided stabilisation 
of the coxa during adduction . Abduction may have been caused by 
internal body fluid pr essure during adduction of adjacent coxae . 
c ) ARRANGEMENT OF ORGANS AROUND THE ORAL CAVITY 
Manton (1973a) pr oduced a simplistic scheme t o expl ain 
t he differences i n the modes of feeding of , on t he one hand, small 
food feeding Crustacea , Merostomata and Trilobita , and on the other , 
large food feeding Crustacea and Unir ami a . In the former, all of 
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which are primarily aquatic arthropods, food passes forwards to 
the mouth (to which it is directed bra large labrum) from behind, 
along a route close to the body. The primarily terrestrial 
Uniramia and the large food feeding Crustacea pick food up directly 
from the substrate, the other route, along the ventral surface of 
the body/ being unsuitable for terrestrial arthropods. This model, 
however, requires some minor corrections., additions and elucidation. 
First, it is obvious that the system of bringing 
food from behind to the front involves the need for a large la.brum 
and a posteriorly directed mouth. In the other system, in which 
food is carried directly upwards, the mouth must point approximately 
downwards. But this model can be taken one stage further. The two 
schemes outlined by Manton (1973a) serve for animals which pick 
food up from the substrate, whether in water or on land, but many 
terrestrial arthropods encounter their food "head-on" and, unlike 
in the aquatic medium, cannot easily carry it to a ventrally directed 
mouth. Thus most arachnids and many insects have an anteriorly 
directed oral cavity. Scorpions and spiders may be ta.ken as exanples 
of this, together with many animals whose prey is larger than 
themselves, for example, mites, ticks, many Hymenoptera and 
Coleoptera . Although this tendency for the mouth to become anterior 
is associated with the adaptation to land life , it more closely 
correlates with a change from feeding on smal l food in the subs t rate 
to the capture and devouring of larger prey by a more active and 
f erocious predator . 
Manton (1973a) included t he Me:rostomat a (in t his case 
Limulus ) within the group of arthropods which transport food forwards 
to the mouth from behind. In some respects this is the case, in that 
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the mouth is directed downwards and backwards in Limulus (Fig. 100), 
but in part this may be because the large crop is situated in the 
anterior part of the prosoma. But Limulus has no ;'food groove" 
running down the ventral side of the body, and in fact, Lirnulus 
does pick food up directly from the substrate. In ma.ny ways, the 
mode of feeding in Limulus is transitional between the two types 
Manton. described. Later, in her book, Manton, (1977, p. 38) 
redescribed the feeding model, but made no mention of Limulus, 
referring only to "primarily aquatic arthropods, well sclerotized and 
often with little body differentiation." 
One feature in which Limulus resembles the model of 
an arthropod which carries food forwards to the mouth is the 
possession of undifferentiated limbs (II to V) arranged serially on 
the prosoma (Pl. 23, figs. 5 and 15). An arthropod which passes food 
forward to the mouth, by filtering currents or "rolling" gnathobases 
(Manton, 1964), requires a series of similarly shaped limbs down the 
body azis, which can pass the food forward from one limb to the next. 
Arthropods which pick up food from the substrate directly tend to 
have limbs which are differentiated for dealing with various parts 
of the feeding process and which are arranged radially around the 
mouth. A radial arrangement of coxae is also advantageous to an 
arthropod with few, long legs (e.g. spiders) to prevent interference 
of the limbs during stepping (Hanton 1973b). 
The mouth in Baltoeurvuterus appears to have been 
situated further forward on the prosoma than in Limulus (compare 
Figs. 99 and 100), but the oesophagus was probably directed downwards 
and slightly backwards to prevent interference with the endo-
sternite (Fig. 99). As the anterior part of the prosoma was not as 
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inflated in Baltoeurypterus as in Limulus, the former could not 
have possessed a l arge crop, and the inflated part of the gut waa 
probably that dorsal to the endosternite. ,In Baltoeurypterus, the 
coxae were arranged radially around the oral cavity (Fig. 94) and 
t he coxae show more differentiation in size and shape than do those 
of Limulus (Pl. 23, figs. 5, 13, ·14 and 15), the coxal differences 
correlating with differentiation of the limbs . Therefore the coxal 
arrangement in Baltoeurypterus is intermediate between the 
arrangement seen in Limulus and that of the arachnids. The arachnids 
have retained the radial coxal arrangement, seen in Baltoeurypterus, 
for the advantages this system confers in stepping, whilst they have 
devolved the feeding role to the most anterior appendages. 
Food caught by the food gathering appendages of 
Baltoeurypterus would have been pushed into the oral cavity by the 
terminal podomeres of these appendages. The chelicerae were able 
to aid in this process, as well as picking up dropped pieces and 
generally helping in the feeding process. Soft food , for example 
worms and the internal parts of arthropods and molluscs , was 
comminuted by the gnathobases of limbs II to V and pushed into the 
mouth by t he movable endites, in much the same manner as does 
Limulus . Hard crustacean carapaces and bivalve shells, for example , 
first had to be cracked open by the powerful teeth of gnathobase VI. 
Al though coxa VI is a different shape from the other coxae, their 
musculature and mode of operation were probably similar . The 
coxae of Limb VI probably performed slight rotational movements 
during adduction due to the metastoma being positioned between them 
(this i mpl ies t hat the anterior plas t rocoxals were contracting mo r e 
strone-ly t han t he posterior muscles during adduction) . Abduction 
was aided by the mo vement of the metastoma. The metastoma probably 
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acted in much the same way as the chilaria of . Limulus do, that is, 
in helping to hold food being crushed by the posterior gnathobases, 
and aiding in passing this forward to the more anterior gnathobaees 
for further mastication. The endostoma separated the large coxa 
VI gnathobases from the more anterior gnathobases, and thus helped 
to prevent food that was being crushed by gnathobases VI from 
slipping forwards. 
d) LIMBS USED FOR FOOD .GATHERING 
Food gathering is essentially different from food 
mastication. Arthropods which use gnathobases for chewing and 
those which utilise whole-limb mandibles both use limb rami for 
food collection. Commonly, specialised structures are involved, 
for example crustacean phyllopodous limbs for filter feeding and 
chelae of crabs and scorpions for collecting large food particles. 
Limulus picks food up using the chelate terminal podomeres of 
walking limbs II to V. A specialisation for gripping food particles, 
without the use of chelae, is the use of spines on the limb. Examples 
of arthropods with spines on the limbs used for food gathering are 
the diplopod Callipus (Manton, 1964, Fig. 48; also 1977, Fig. 2. 12), 
the trilobite Olenoides (Whittington, 1975), the Amblypygi (e.g. 
Tarantula) and, perhaps the most highly developed, the eurypterids 
(e.g. Mixopterus, St~rmer, 1934; ~legalograntus, Caster and 
Kjellesvig-Waering, 1964). 
The possession of long spines on a limb is clearly an 
adaptation for a food gathering function. This view contradicts 
that of Stermer (1963, 1974) who considered that the "spiniferous leg" . 
of eurypterids was primitive and primarily used for walking . The 
development of spines is a specialisation for feeding. Although 
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spinose limbs can be ambulatory also, for example in Olenoides 
(Whittington, 1975), the specialised walking limb lacks spines 
(e.g. the walking legs of Crustacea, Hexapoda and myriapods). 
The spinose limbs (II , III and IV) of 
Baltoeurypterus are considered here to have functioned primarily 
as food gathering organs and to have developed from non-spinose 
ambulatory appendages. As the morphology of the limb joints is 
known, it is possible to infer the probable positions of the 
muscles of the limbs. Although there are basic morphological and · 
functional differences between the limbs of Chelicerata and the 
Uniramia (~lanton, 1973b), for mechanical reasons the individual 
joints must be worked by similar sets of muscles (e.g. flexors at 
hinge joints, protractors/retractors or levators/depressors at 
pivot joints) unless specialised mechanisms (e.g. the arcuate 
sclerite in the femur - patella joint of spiders) are involved. 
There do not appear to have been any highly specialised mechanisms 
in the food gathering limbs of Baltoeurypterus, so a comparison 
with the basic functional model given by Manton (1977, Chapter 4.6), 
. who used diplopod limbs as an example, seems justified. 
Figure 101 is a functional reconstr~ction of limb 
III (female) , as an example of the type of musculature that might 
have been present in the food gathering limbs of Baltoeuryoterus . 
The two most proximal joints of the ramus are pivots and would have 
been operated by anterior protractor muscles and posterior 
retractors. All these muscles are shown as intrinsic, extrinsic 
muscles are more commonly associated with promotor - remoter limb 
movements during walking . The inferior - superior or antero-infarior 
supero-posterior pivot axes allowed some promotor - remotor movements 
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of the food gathering limbs, all the other joints distally simply 
allowed flexion and extension in the plane of the long axis of 
the limb. 
Apart from the most distal joint, all the other 
joints of the ramus are hinges. Flexion was produced by flexor 
muscles (probably anterior and posterior components were present). 
Extension was caused by one or more of the following methods: 
a) passive extension due to gravitational force on 
flexor relaxation (see Ward, 1969, who proposed this 
for Limulus) ; 
b) hydrostatic pressure caused by contraction of proximal 
muscles; 
c) elastic protein system at hin~ (cf. elastic ligament 
of bivalve molluscs); 
d) extensor muscles; 
e) other muscles. 
Of the above, (a) was almost certainly in operation, as flexion took 
the ramus away from the substrate towards the body, relaxation of 
flexors would have caused the ramus to fall back towards the 
substrate. (b) and (c) are less likely to have been operative in 
Baltoeurypterus, hydrostatic pressure must . have been present, but is 
unlikely to have been dominant over other extension systems. There 
is no evidence for elasticity. Extensor muscles may have been 
present at the hinge joints with a close podomere connection (i.e. 
effectively bicondylar hinges). The most distal hinge could have 
been extended by contraction of the terminal podomere levator which 
probably inserted proximal to the hinge (Fig. 101). The succession 
of superior hinges allowed the liob to be flexed, bringing food into 
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the oral cavity where it was masticated by the coxal gnathobases. 
The distal pivot was operated by superior levator 
and inferior depressor muscles. The evidence for these muscles 
is good, as long tendons are preserved. Long tendons suggest long 
muscles extending across two joints (Hanton, 1977, p. 196). The 
terminal podomere was probably nimble in its actions. 
membrane. 
The movable spines were set in rings of arthrodial 
Some small muscles were probably present at the bases 
of the movable spines, but there is nc evidence for any articulation 
points. The directions of movement of the spines were most likely 
to have been controlled by the directions of muscle contraction. 
e) FEEDING HABITS 
lt seems fairly certain that the coxae of limbs II 
to VI, with their dentate gnathobases and movable endites, were 
uses in the comminution of food and its transport to the mouth. 
It also seems likely that limbs II to IV, with their long movable 
spines, functioned mainly as organs of food gathering rather than 
in walking, although they were probably used in walking to some 
extent (Chapter 15). The food gathering limbs are not highly 
adapted for use in specialised feeding as are the huge, spinose 
anterior limbs of Hixopterus, nor does Ba.ltoeurypterus bear 
enormously elongated chelicerae as do the pterygotid eurypterids. 
These facts have prompted many authors to conclude that, because 
Baltoeurvnterus (or Eurvnterus) was unspecialised, it must have 
been sluggish and fed by gruhbing for worms in the sediment: 
"Eurypterus .••. was on the whole a sluggish animal. As it is not 
provided with strong organs of offense, it probably lived on worms 
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or carrion." (Clarke and Ruedemann, 1912, p. 79) and 
"Eurypterus may have been rather sluggish, content perhaps with 
grovelling." (Barbour, 1914). However, Baltoeurypterus, like 
many eurypterids, ~ras highly adapted form1imming (Chapter 16), 
was therefore not bound to a bottom dwelling mode of life like 
Limulus, and was by no means sluggish. 
Whilst Baltoeurypterus may not have been as indolent 
as previously supposed, it may well have searched the sediment for 
worms and other invertebrates. For this, the movable spines must · 
have had a tactile function , the follicles on the spines perhaps 
bore mechanoreceptors in life. It was shown, however, in Chapter 4b, 
that the lateral eyes were probably capable of anterior stereoscopic 
vision. This, combined with the swimming ability and large, 
crushing gnathobases of coxa VI, suggest that Baltoeurvpterus was 
able to catch swimming animals. A suggested diet, therefore, would 
include benthonic or nektonic crustaceans, trilobites, molluscs and 
worms. There is no evidence in the form of gut contents or 
coprolites. Coprolites were reported by Caster and Kjellesvig-
Waering (1964) associated with Me~alograntus, but the coprolites 
contained Me.galograntus fragments, from which they concluded that 
this animal was cannibalistic. Coprolite-like lumps containing 
agnathan debris occur abundantly together with undistorted agnathans 
and Lanarkopterus in the Nonks Water Fish Bed, Hagshaw Hills, 
Strathclyde , Scotland, in a laminated siltstone (possible limnic 
environment) (pers. obs.). These are probably Lanarkopterus 
coprolites. Both Lanarkopterus and Hegaloi;i:rantus were large, 
highly adapted predatory eurypterids however. Baltoeurypterus 
itself may have fallen prey. to large eurypterids , such a.a 
Erettopterus . 
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Figure 94. Reconstruction of arrangement of organs around the oral 
cavity in BaltoeuryPterus, left supero-antero-lateral aspect, coxae 
of left side and endostoma omitted for clarity. 
Figure 95. Third left coxa of Limulus in right supero-antero-lateral 
aspect, to show muscle attacbments. Muscle numbers after Lankester 
et al. (1885). Muscles 25 to 29 are tergocoxals, 38a and 40 are 
anterior plastrocoxals, and S8p and 39 are posterior plastrocoxals, 
(after Wyse and Dwyer, 1973). 
Figure 911:. 
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Figure 96. Reconstruction transverse section through the prosoma of 
Bal toeury:pterus just anterior to limb III, viewed from the 
anterior. 'Ihe coxae have been turned so that the gnathobases 
are more anterior, and hence also further apart, than they would 
' have been in life, in order to show tentative muscle attachments 
in comparison with Figure 97 (below). Protractor and retractor 
muscles of podomere III2 are also shown, other podomeres omitted. 
Anterior coxal muscles are sho,m on the right, posterior on the 
left, where part of the anterior surface of the coxa has been 
cut away. 
Figure 97. Transverse section through Limulus just anterior to 
limb IV, viewed from the anterior, to show coxal muscles. 
Anterior coxal muscles are shown on the right, posterior on the 
left, where part of the anterior surface of the coxa has been cut 
ro,ay. }fuscles numbered according to Lankester.~t al. (1885), and 
explained in legend to Figure 95, (after Wyse and. Dwyer, 1973). 
Figure 98. A. Coxa of limb V of ~'achypleus tridentatus, gnathobase 
finely ruled, rest of coxa in interrupted lines, abducting, 
superimpos ed on coxa of the same limb during adduction, shown 
stippled, after Manton (1977) who thought that contraction of 
muscle 25 (s ee Figs 95 and 97) caused abduction. B. Limb V of 
.Tachypleus triden-to.tus with gna·thobase of its opposite (shading 
as in A), to show basal pivot which is in operation during promotor 
rcmotor movements, ( a:fter Hc1nton, 1977). 
d blood vessel 
· Figure 96. 
p a tergo-coxal 
a ptr p rtr 
BALTOEURYPTERUS 
Figure 97. LIMULUS 
Figure 98. TACHYPLEUS 
Figure 99. Tentative reconstruction sagittal section through 
prosoma of Baltoeurypterus, right l ateral aspect, to show possible 
positions of internal organs and arrangement of organs around 
the oral cavity in comparison with Tachypleus (Fig. 100, below). 
Dashed lines give 1·elative positions of hidden parts of cox:ae and 
positions of lateral eye and parallel section of carapace. The 
mouth may have been more posterior, :the oesophagus passing between 
anterior horns of t e endost·erni te. ·wills I s recons tructions 
(1965, Text-figo 1), showing the coxae as dorso-ventrally flattened 
blades, are inaccurate. 
Figure 100. Sagittal section through the prosoma and opisthosoma 
(part) of Tachyple.us triclentatus, right lateral aspect, for 
comparison with Bal t ocuryp t erus (Fig. 99, above ), (from Manton, 
1977; see Manton, 196t.1, for full explanation). 
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Figure 101. A. Reconstruction of limb III, female, of Baltoeurypterus, 
anterior aspect, shown as if transparent to show possible intrinsic 
musculature. Movable spines and cuticular features omitted for 
clarity. B. Same, superior aspect, coxa omitted but movable 
spines included. 
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Chapter 15. 
WALKING 
a) INTRODUCTION 
The presence of a large, oar-like posterior limb in 
Baltoeurypterus suggests that swimming (Chapter 16) was the main 
mode of locomotion and walking was only of secondary importance • 
.Furthermore, only one limb pair (V) was primarily adapted for walking, 
so that some of the food gathering limbs and the swimming limb pair, 
both specialised for a function other than walking, had to be 
recruited for ambulation. 
walk on one pair of legs. 
Few animals, and certainly no arthropods, 
It would probably also be heresy to 
suggest that Baltoeurypterus never walked; all free-living arthropods 
are capable of walking, even if they do it only rarely, and this was 
probably the primary mode of locomotion in the earliest arthropods. 
Some authors, including Holm and Clarke and Ruedemann (1912), regarded 
limb V of Baltoeurvoterus as a "balancing organ" which would have 
aided in swimming. To be sure, the swimming crab (e.g. Polybius , 
Kilhl, 1933) holds the posterior pair of walking legs outstretched 
laterally during swimming to provide some stability, but these limbs 
function primarily in walking. Limb V in Baltoeurvpterus may have 
provided stability during swimming also, but if this had been their 
primary function they would not have developed the sophisticated 
adaptations (e.g . dotible "trochanter", lrnee, see Chapter 13) for 
walking . These adaptations are described below. 
The only detailed account of eurypterid ambulation 
· is tha t by Hanken and St~rmer (1975) who suggested that the trail 
they describe from the Sil uri an of Ringerike, Norway , could have been 
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made by the eurypterid Mixopterus kiaerj_ walking slowly. Gait 
patterns have also been suggested for some other Palaeozoic 
arthrop~ds, ~otably Olenoides serratus (\vhittington, 1975), 
Burgessia bella (Hughes, 1975), Sidneyia inexpectans (Bruton, in 
prep.) and Arthropleura (Briggs et al., 1979), 
b) WALKING 1nm DESIGN 
The same physical constraints as those applicable 
to the mechanics of chelae (Chapter 5d) are demonstrable in the 
working of locomotory limbs. F1L1 = F2L2 , where F1 is the force 
applied to the system (by muscles) and F2 is the force produced by 
the system, L1 is the length between the articulation and the muscle 
origin and L2 is the length of the leg being moved, measured from 
the articulation to the line of action of force F2 . Hence, for 
the force, F2 , to be large, L2 , or the leg length, must be short 
and conversely, for a large angle of swing of the leg less force is 
produced by the system. Furthermore, as Hanton (1977, p. 204) 
pointed out, the power of a muscle is equal to the force it puts out 
multiplied by the distance through which the leg moves divided by 
the time taken, power= force x distance/time. Therefore for the 
force to be large, the distance must be small (as shown above) and 
the time long. For fast movements, the distance must be long and 
the force small. 
So limbs designed for a s~rong, pushing action are 
short, their muscles are short but thick, and the system works slowly. 
The podomeres in such a limb are strongly constructed and the joints 
must also be strong (preferably p~vots). Limbs designed for speedy 
movement should be long, with a wide angle of swing and with long, 
thin, tendinous muscles, commo :1ly traversing more than one joint. 
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The podomeres of such a limb should be lightly constructed and the 
joints are normally weak hinges providing much flexure. As with 
chelae, intermediate types of leg are rare and animals adapted to 
both pushing and running have developed two types of limb in the 
same way as swimming animals which also walk (e.g. portunid crabs) 
have differentiated limbs for these activities. Animals which walk 
slowly but do not need pushing strength (e.g. many arachnids) tend 
to have longish legs for mechanical efficiency but use gait patterns 
(see later) which provide good stability. If faster running is 
required, for escape for example, in arachnids, a quickening of pace 
with a large energy input, whilst retaining the fairly "slow" gait 
pattern, normally .suffices (Manton, 1952, Table 1). 
Muscles producing the main limb movement, whether 
strong pushing or fast propulsion, have their origins as far as 
possible away from the articulation axis at a joint to produce 
maximum leverage. Extensor muscles, if present at a hinge joint, 
commonly work at a poor mechanical advantage in order to allow the 
flexor muscles the greatest amount of leverage (Fig. 104). 
c) MECHANICS OF LIEB V 
Limb V of Baltoeurypterus appears to be the limb 
most adapted for walking, although it also aided in swimming 
(Chapter 16). Hardly any coxal promoter - remotor swing was present 
(Chapter 14), and the main swing of the ramus took place at the 
proximal pivot joints, as in the arachnids. 
Arthropods are unable to make use of the "ball and 
socket" type of universal joint which is a common feature in the 
vertebrates. As walking requires movement of the limb ramus 
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forwards, backwards, up and down, some arthropods have developed 
a kind of "gimbal" arrangement (Figs. 102 and 103) consisting of 
an annular podomere (the trochanter in arachnids and coxa in 
Uniramians) bounded by pivot joints whose axes are set at right 
angles to one another (see l-Ia.nton, 1977, Figs. 5.15 and 10.2 for 
examples). Thus as basic set of four muscles, protractor, 
retractor, levator and depressor, can produce movement of the ramus 
in almost any direction. In the Uniramia, the proximal pivot is 
vertical and the distal is horizontal (Manton, 1977, Fig. 5.15), 
but a much greater variation in the orientations of the pivot axes 
is to be found in the Chelicerata (Hanton, 1977, Fig. 10.2). 
Limbs V and VI of Baltoeurypterus bear a double 
"trochanter" arrangement at the base of the ramus (Fig. 103). 
This not only provides almost universal movement, but also the 
addition of the short podomere 3 provides a greater angle of swing 
to the ramus during promoter - re:::iotor movements. As the 
articulation axes of these three proximal pivot joints are neither 
horizontal nor vertical, the muscles acting at these joints cannot 
be strictly defined as protractor, retractor, levator or depressor. 
The coxa - podomere 2 joint was operated by protractor/levator and 
retractor/depressor sets of muscles. The following two joints were 
operated by protractor/depressor and retractor/levator sets of 
muscles. All these muscles, whether they originated on podomere 2, 
3 or 4, would almost certainly have inserted on the coxa, and some 
may also have been extrinsic (Hanton, pers. comm.) (Fig. 104). 
There may also have been some short muscles extending from podomere 
2 to podooere 3 only, to provide some stability to this complex 
mechanical arrangement. 
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The main locomotory muscles would have been the 
eoxa - podomere 2 protractor /levator and retractor/depressor sets 
and the coxa - podomere 4 protractor/depressor and retractor/levator 
sets . The shape of podomere 2, with an expanded antero-superior 
surface and emarginated proximal infero-posterior edge with 
abundant arthrodial membrane, suggests that the limb ramus could 
flex backwar ds and do;mwards much further than in any other 
direction. This would have provided the main propulsive thrust 
during walking. The oblique orientation of the articulation axis 
at the eoxa - podomere 2 joint is more advantageous than the 
horizontal and vertical axes in , for example , the Hexapoda (compare 
Figs. 102D and 103D). 
Apart from the most distal joint, all the other joints 
on the ramus are hinges. These hinges allow the limb to flex during 
the propulsive remotor phase, a necessity if the limb tip is to 
remain on the same spot and the body is to travel in a straight line 
during walking. The flexor muscles (Fig. 104) would have operated 
during the first part of the remotor swing, pulling the body forward 
until the limb base was as far forward as the limb tip, at which 
point pr ogressive extension occur ed up to the end of the remotor phase. 
Du.ring this extension the more distal flexors would have been more 
active in keeping the ramus rigid, most extension occuring at the 
podomere 4 - podomere 5 joint , pr opulsion being given by contraction 
of the coxa - podomere 4 retractor/ depressor muscles which would 
al so have aided both the extension of the hinges and in keeping the 
limb t ip on t he substrate. 
The antero-superior hinge between podomeres 4 and 5 
will have assisted in the leg extension during the remotor propulsive 
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stroke as in lithobiomorph Chilopoda (Manton, 1965, p. 307) and 
Solifugae (Manton, 1973b , p. 335). During this stroke the 
retractor/depressor muscles were contracting, and at the end of 
the remotor phase. the retractor/levators would have come into 
operation, lifting the limb off the substrate. Promotion was 
effected at first by contraction .of the protractor/levators and 
later the protractor/depressors could cause the limb tip to make 
contact with the substrate again. During this latter part of the 
promotor stroke, the hinge extensors would have been brought into 
play to place the limb tip as far forward as possible. Extension 
plays a large part in the remoter propulsion of the scorpion 
(V;anton~ 1958) in which two hinges with much flexure are present 
(Pl. 23, fig. 4). 
d) STEPPING 
The mechanics of stepping in Baltoeurypterus have 
been described above, but some further considerations necessary for 
an understanding of the gait are discussed here. 
The position of the main promoter - remoter axis of 
swing of the limb has a marked effect on the suitability of the 
limb .for strong, slow movements or fast movements. Diplopods 
utilise a horizontal swing axis at the coxa - body joint (Nanton, 
1977 , Fig~ 5. 3(a )) and the coxa - body joint of Limulus (Fig. 97) , 
although oblique , is also set close to the main axis of the body. 
The walking limbs of most diplopods and Lirnulus provide a strong 
pushing action for burrowing. In contrast , a limb best suited for 
faster walking usually arises from a lateral position on the body , 
away from the main body axi s and has a near vertical axis of swing 
(Manton, 1977, p. 209 and Fig. 5.3(b)). Limbs V and VI of 
Baltoeurypterus have a near vertical swing axis (coxal distal joint) 
set close to the lateral edge of the body which provides a large 
angle of awing for long strides (and also aids in rowing). 
The relative length of successive limbs is important 
for a variety of reasons. In arthropods with few pairs of walking 
limbs (e.g. the Chelicerata), a difference in length between them 
is advantageous as it prevents interference of successive limbs 
during walking (Manton, 1952). However, since all walking limbs 
normally execute similar strides (stride= pace= length between two 
successive footfalls of the same limb), if there is a great 
difference in limb length (e.g. between limbs III and VI in 
Baltoeurypterus), either the longer limbs must take shorter strides 
or there is a difference in the relative durations of promoter and 
remoter strokes between the limbs (see later). The latter occurs 
in the scorpion (Hanton, 1952). 
A suggestion of the fields of movement of the main 
walking limbs of Baltoeurypterus is given in Figure 105 (cf. Hanton, 
1952, Text-figs. 2 and 3), s..~d in more detail for limb V in Figure 
106. The thick lines on these diagrams denote the span of the limb, 
that is the distance travelled by the limb tip relative to the body 
during the propulsive remoter swing. The stride or pace would 
include the span and the extra distance which the body moves before 
the next footfall of the same limb (see Gray, 1968, p. 304). The 
fields of movement shown in Figure 105 are only able to overlap 
because the limbs are different lengths. 
A more important point concerns the number of limbs 
employed during walking. Theoretically, Baltoeurypteru~ has five 
pairs of limbs capable of walking. If all these limbs (II to VI) 
were used at the same time, the problems of differential limb 
length outlined above would ensue, limb VI, for example, is five 
times the length of limb II. It is most likely, therefore, as in 
most arachnids, that the anterior limbs were either not used in 
walking or contributed to ambulation only with an irregular step. 
Further clues to the probable number of limbs 
employed in walking are gained from consideration of the stability 
of the animal. The factors governing stability during walking 
have been sw:unarised by Gray (1968) for tetrapod vertebrates and 
Hughes and Mill (1974) for insects. In both cases, minimal stability 
is achieved only when the animal is in contact with the substrate at 
three points (usually three limb tips) and the centre of gravity of 
the animal lies within the triangle formed by these three points 
d'appui when viewed from above. Thus a minimum of four limbs is 
required for walking (unless a pla.ntigrade stance is used) if three 
limbs are always to be in contact with the ground. As limbs are 
moved , so the weight of the animal, and hence also the centre of 
gravity, shifts to one side or the other. This latter phenomenon 
enables tetrapod vertebrates and some Hexapoda (e.g. Campodea, 
Manton , 1972) to momentarily be supported by only two limbs, whilst 
the centre of gravity shifts towards the next limb to be placed on 
t he ground , during running. Arthropods which habi tually walk on 
four legs are few , but include some Protura (Manton, 1972) and many 
Lepidoptera (e . g. Nymphalidae) . Quadrupedal walking by these 
i ns ects is slow. 
Figure 105 shows a likely position of the centre 
of gravity of Baltoeurypterus. It can be seen that in order to 
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maintain this point at all times within a triangle formed by the 
minimum of three limb tips on the substrate, limb VI must have . been 
used in walking. The alternative would be for the telson to have 
supported the opisthosoma, this being dragged along as the 
anterior limbs provided propulsion alone. Some animals drag the 
tail or abdomen during walking, and some apodal insect larvae use 
the tip of the abdomen alone to provide propulsion, but all 
arthropods with legs are able to support the body during walking 
without dragging the abdomen. 
For the reasons given above, it is suggested that 
Baltoeurypterus not only used limb V for walking, but also limb VI. 
Limb IV was most probably also used, as quadrupedal walking, although 
utilised by some arthropods, is rare, specialised, slow and less 
stable than hexapody. More anterior limbs may have contributed to 
ambulation but, being short, their stepping would have been fairly 
irregular and out of phase with the other limbs. The main limbs 
used in walking would therefore have been limbs IV, V and VI, and 
these are the ones considered in the analysis of the probable gait; 
inclusion of more anterior limbs would complicate this analysis. 
Figure 107 is a reconstruction of Baltoeurzpterus 
seen in right lateral v~ew during walking. A digitigrade stance is 
suggested, there is no evidence for a plantigrade foot which is of 
greater benefit to specialised terrestrial arthropods; in the 
scorpion for example (Pl. 23, fig. 4) terminal ungues are present 
to increase the grip on the substrate. Manton (1952, p. 102) 
discussed the merits of digitigrade stepping in the arthropods. 
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e) GAIT PATTERN 
The patterns of gait of arthropods have been 
intensively studied by Manton (1950 to 1979). The gait patterns 
of insects in particular were studied by Hughes (1952, 1957), 
Wilson (1967) analysed the stepping pattern of tarantulas, and 
there have been many studies aimed at understanding the nervous 
control of walking movements in arthropods (see Hoyle, 1976, for 
a review), some of which included gait analyses. Patterns of gait 
are dependent upon a number of interacting factors which have been 
summarised by Gray (1968) and Manton (in Gray, 1968; and 1977). 
A few of the most important terms are briefly explained here. 
When a walking limb moves, it does so forwards 
(promoter swing) and backwards (remoter swing). The time taken 
for one complete cycle of promotor - remoter movements is called 
the pace duration, and the distance travelled by the body during 
one cycle (conveniently measured by the distance between two 
successive footfalls) is termed the pace or stride. The relative 
durations of promoter (limb off the substrate) and remotor (limb. 
on the substrate) strokes gives the gait pattern. This is usually 
given as a proportion out of ten, hence a limb off the substrate 
fort of the pace duration, and on for f, will have a gait pattern 
of 2.5:7.5, the promoter duration being given first. Gait diagrams 
express the gait pattern graphically (Fig. 109) and gait "stills'' 
(Fig. 110) attempt to portray the animal executing the gait. The 
~roportion of a pace by which an opposite or successive limb is 
out of phase from the limb opposite or in front is termed the phase 
difference. The phase differences of opposite and successive limbs 
may differ . 
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The speed of progression (see Hanton, 1977, p. 298 
et~.) is governed by the length and angle of swinf, of the limb, 
the pace duration and the gait pattern. It is not possible to 
determine the pace duration in a fossil but when enough is known 
about the other factors this can be estimated. It has already 
been stated that a long limb and large angle of swing are 
advantageous for speedy locomotion. During fast walking the limb 
can only be in contact with the substrate for short periods of time, 
and "fast" gaits of 8.0:2.0 are employed by so:rae runners. Slow 
walking requires stability and hence many limbs on the substrate 
at the same time, thus "slow gaits" are those around 2.0:8.0. 
This does not, of course, mean that an animal cannot run fast in a 
de 
· "slow" gait, ae increase in the pace duration would achieve this. 
Manton (1952, Table 2) provides a list of gait patterns recorded for 
selected arthropods. 
The phase difference between successive and opposite 
limbs (see Manton, 1977, p. 308 JU.~.) has no effect on the speed 
of walking, but affects the stability. For example, for pushing, 
swimming and jumping it is advantageous for paired limbs to act 
simultaneously, but would not be .so for a hexapod walking when there 
would be a moment at which the body was supported by a single pair 
of mesothoracic legs. Stability is gained by ensuring that at 
least three limbs (not on the same side) are always in contact with 
the substrate, and this is favoured by the choice of a gait with 
a time interval k (Fig. 109, and Manton, ' 1977, p. 311) during which 
the remotor strokes of the two successive limbs overlap. k can be 
calculated by subtracting the phase difference of successive limbs 
from the duration of the promotor stroke, hence an increase in the 
latter or a decrease in the former will increase k . 
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It is possible to construct a three-dimensional 
graph or matrix with the two phase differences a.s the x and y axes 
and the gait pattern on the z axis, and to outline regions in which 
certain requirements are met. Figure 108 is a horizontal "slice" 
taken from such a graph, and is the two-dimensional matrix of the 
variations in the number of limbs (out of six) on the substrate 
for all values of phase difference at a gait pattern of 2.0:8.0. 
The matrix is symmetrical about the phase differences of 0.5, but 
the enclosed areas would vary considerably if slices were to be 
taken at other z values. Such matrices are useful for choosing 
possible gaits. 
Baltoeurypterus could not have been an expert walker 
using precisely co-ordinated stepping and rigid adherence to a 
specialised series of gaits as shown by Uniramia. (Manton, 1973), as 
it does not have a definite number of limbs adapted to walking. 
There is no arthropod alive today that compares closely w""ith 
Baltoeurypterus in bearing a highly differentiated series of limbs 
of differing lengths. Limulus (Hanton, 1964) walks slowly and 
burrows with a gait of 2.0:8.0, increasing to 5.0:5.0 when walking 
fast, but opposite limbs are in phase as befits an animal requiring 
strong pushing. A comparison with the Arachnida seems to be the 
most profitable •. Arachnids (Hanton, 1973) use slow gait patterns, 
irregular stepping and normally increase speed by decreasing the 
pace duration. The slow gait patterns provide a long time interval 
k and hence confer stability. Opposite limbs have a phase 
difference of about 0.5 and the phase difference of successive limbs 
lies around this value also . 
A typical slow gait for Baltoeurypterus might well 
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have been 2.0:8.0. It will be seen from Figure 108 that high or 
low phase differences produce unstable gaits in which less than 
three limbs are on the substrate at one time (margins and corners 
of the diagram). High or low successive phase differences (areas 
of 6543 on left and right of diagram) are also unsuitable because 
they produce moments when three limbs on the same side are in 
contact with the substrate but no opposite limbs. Even if eight 
limbs are used, these gaits would still be fairly unstable. Phase 
differences of 0.5 opposite, 0,5 successive produce a suitable gait, 
but any slight irregularity would change the pattern from 63 to 6543, 
Gaits around the centre of the matrix appear to be the most suitable, 
bearing in mind that the higher the successive phase difference the 
greater k will be. Sooe gaits within the 654 area (most of the 
diagram) are a little unstable, for example any with a successive 
phase difference of 0,5 will produce moments when three limbs are 
on the substrate on one side and only one on the other, this places 
some strain on the lone limb. 
Figure 109 shows gait diagrams of four possible slow 
gaits for Baltoeurypterus. Although the gaits differ, principally 
in the sequence in which the limbs are placed on or removed from, the 
substrate, they all show a long time interval k, but more importantly 
by having an opposite phase difference close to 0.5, one or other of 
the most posterior limbs is more than t of the way through the 
remotor stroke, and therefore behind the centre of gravity (see fig. 
105), at any moment. Figure 110 portrays a sequence of one cycle 
of limb movements of Baltoeurypterus walking with the gait shown in 
Figure 109D. Figure 111 shows the trail which might result from 
Baltoeurypterus walking in the manner depicted in Figure 110. 
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f) COMPARISON WITH MIXOPTERUS 
Hanken and Stprmer (1975) described a trail from 
the upper Silurian of Ringerike, Norway, which they showed was 
proba·bly made by the eurypterid Hixonterus kiaeri. Their analysis 
was concerned mainly with · the shape of the limbs which produced 
the observed tracks and, in particular, they showed that the 
outermost "A-tracks" were probably produced by a flattened 
swimming organ. The size of the trail pointed to Mixopterus as 
the producer. The Mixopterus trail (Hanken and St~rmer, 1975, 
Fig. 3) compares well with that suggested for Baltoeurypterus 
(Fig. 111) herein. The length of the stride is shorter in the 
Mixopterus trail than in that of Baltoeurypterus, but this may be 
because Mixopterus probably made the trail whilst partly out of the 
water and did not use the full angle of swing of the limbs. 
Hanken and Stirmer (1975, Fig. 3) suggested that the median furrow 
(m-track) was produced by dr~gging of the genital appendage. This 
seems improbable, and they (Fig. 9C) do n~t show this on the 
reconstruction of a slow gait. The median groove in both the 
Mixopterus and Baltoeurypterus trails was probably formed by 
dragging of the metasoma during less stable parts of the gait. 
Hanken and Sttrmer (1975, Fig. 8) give a sequence 
of sketches to show Hixopterus performing a slow gait of 1.66:8.33, 
0.833 phase difference (successive and opposite). This gait enables 
five limbs to be in contact with the substrate at all times. 
However, like the gait shown in Figure 109A (2.0:8.0, 0.5 phase 
differences), any slight irregularity in stepping would produce a 
gait in which four or six limbs would be propulsive at times. 
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g) CONCLUSION 
The range of gaits of Baltoeurypterus most closely 
resembles that suggested by Hanken and St&rmer (1975) for 
Mixopterus. It is probable that the walking patterns of 
eurypterids compare most favourably with those of arachnids, in 
being irregular, with a range of slow gait patterns and changes in 
speed due to changes in pace duration (Hanton, 1973). The gait of 
Limulus is specialised and not directly comparable to eurypterid 
gaits. 
The idea of "choosing" a suitable gait is one which 
must be peculiar to palaeontological investigations. Living 
animals can be seen performing their gaits and any intermediate 
gaits not actually observed can be readily interpolated. The 
method of drawing "gait matrices", as in Figure 108, from which 
potential gaits can be assessed, is new. A possible extension of 
this technique would be the use of linear programming analysis in 
order to maximise for certain features (e.g. 0.5 phase difference 
opposite, or a high k value) which would then narrow the range of 
possible gaits for specific purposes further still. 
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Figure 104. A. Reconstruction of limb V of Baltoeurypterus, anterior 
aspect, shown as if transparent to show possible intrinsic musculature. 
B. Same, superior aspect, posterior to top. 
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Figure 105. The suggested fields of movement (spans) of the most 
important .propulsive limbs in Baltoeu:rypterus, and their arrangement 
around the assumed centre of gravity. 
Figure 106. Stages in the promotor - remotor swing of limb V of 
Baltoeurypterus. Solid straight lins show span of the limb. 
Figure 107. Reconstruction sketch of the prosoma of Baltoeur;ypterus 
during walking, right lateral aspect, left limbs omitted. 
Figure 105. 
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Figure 108. Matrix of number of propulsive limbs during hexapodous 
walking in the gait pattern of 2.0:8.0 as related to the phase 
differences of opposite and successive limbs. Phase differences 
are the time intervals between the same point in the :(>romotor 
remotor cycle of two adjacent (opposite or successive) limbs~ 
expressed as a proportion of a promotor - remotor cycle of one unit. 
The numbers 654, 630 etc. refer to the variation in the number of 
propulsive limbs in the promotor - remotor cycle, Any gait which 
includes a number less tha..~ 3 is unsuitable due to instability, 
similarly, the areas of 6543 on the laft and right sides of the 
matrix include a moment at which the body is supported by three 
limbs on one side and none on the other, and hence is also unstable. 
The matrix is a slice, in the plane of the x and y axes, through 
a three-dimensional matrix whose z axis is the range of gait patterns 
from 0.0:10.0 to 10.0:0.0. Such a matrix may be constructed for 
any number of limbs taking part in the gait, or may show some other 
feature such as the existence of k (see -Fig. 109), which in this 
case occurs at values which ·a:J;tl below 0.8 phase difference (successive). 
Such matrices are generally symmetrical about one plane or another 
(e.g. the two-dimensional matrix for 8.0:2.0 with six limbs would 
look the same as Fig. 108 but would have different values). 
Figure 109. Gait diagrams in the style of MM.ton (e.g. 1977, Fig. 7.3), 
for four possible Baltoeurypterus gaits. The thin lines denote 
right limbs in the promotor (recovery) phase and the thick lines 
denote right limbs in the remotor (propulsive) phase. In all diagrams, 
limbs IV are at the top, limbs V in the middle, and limbs VI are at 
the bottom. The numbers below the gait patterns indicate the number 
of propulsive limbs at various points in the cycle. The time interval 
k between one footfall and the raising of the limb in front is marked 
by a thin horizontal line on each digram. Two complete cycles of 
movement ar~ shown. All the gaits shown are at 2.0:8.0 and thus are 
to be found in the matrix Figure 108. 
A. 0.5 phase difference opposite, 0.5 phase difference successive. 
B. 0.5 II II II 0.3 II II II 
' 
• 
c. 0.55 II II II 0.45 II II II . 
D. 0.5 II II II 0.4: II II II , • 
Gait D is also shown in Figure 110. 
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Figure 110. Diagrannnatic reconstructions of the anterior half of 
Baltoe terus during walking at a gait pattern of 2.0:8.0, phase 
difference opposite) 0.5, phase difference (successive) 0.q, as 
in Figure 109D. Sequence consists of points 1/ 5 of a cycle apart, 
starting from the bottom. Shaded limbs are in the recovery promotor 
stroke. 
Figure 111. Suggested trail which might have been made by BaltoeuryPterus 
performing the gait shown in Figure 110. Seven paces are shown, the 
animal having crawled from the bottom to the top of the page. The 
shapes of the footprints are based on Hanken and Stprmer (1975). The 
sequence of footfalls is shown for the first two imprints on the right; 
VI/ 1 refers to the first fall of limb VI, VI/2, the second, etc. It 
will be noticed t hat the print of limb IV is one step behind within 
each group of footfalls. The groove (m) formed by the dragging opis t hosoma 
may, or may not, be present. 
Figure 110. Figure 111 . 
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Chapter 16. 
SWI:MMING 
a) INTRODUCTION 
Swimming is a fundamentally different activity 
to walking. Both flying and swimming occur in a fluid medium and 
rely on certain physical properties of fluids (e.g. kinematic 
viscosity, see Alexander, 1968, for discussion) for propulsion, 
whilst the same properties supply friction which is disadvantageous. 
In walking, the propulsive force is against the substrate, a solid, 
and as walking is carried out essentially in two dimensions, on a 
plane rather than in a three-dimensional space, the force of gravity 
is an aid to stability and propulsion. Because of the different 
methods of propulsion employed in walking and swimming (or flying), 
animals which perform both types of locomotion generally have two 
types.of locomotory organ. When the same organ is used for both 
kinds of locomotion, it will work in a different way in each, for 
example during swimming using walking legs in pycnogonids (Norgan, 
1971) and in mantids (Hiller, 1972). 
Limulus swims in a peculiar manner (see Hilne anci 
Milne, 1967 , and Fisher, 1975, for descriptions) using not only the 
prosomal l imbs but a lso a metachronal beating of the gill cover s 
for propulsion. Amongst the Xiphosura, only Diploaspis (st&rmer, 
1972) is known to have had a swimming paddle . The swimming of 
Baltoeurypterus was enti rely different from that of Limulus , and 
no meani ngful compar ison can be made . It is assumed here t hat 
Ba l t oeuryptE:irus swam dorsal upper most, ther e being no evi dence f or , 
nor advantage to be gained from, an inverted swimming posture as 
153 
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Limulus swi ms in a peculiar manner (see Hilne and 
Milne, 1967 , and Fisher, 1975, for descriptions) using not only the 
prosomal limbs but a l so a metachronal beating of the gill covers 
for propulsion. Amongst the Xiphosura , only Diploaspis (St~rmer, 
1972) is known to have had a swimming paddle. The swimming of 
Baltoeurypterus was entirely different from that of Limulus , and 
no meaningful compar ison can be made . I t is assumed her e t hat 
Baltoeurypt erus swam dorsal uppermost, there being no evidence f or, 
nor. advantage to be gained from, an inverted swimming posture as 
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suggested by Stermer (1934, p. 63). 
b) MECHANICS OF LIMB VI 
The proximal podomeres of limb VI and their muscles 
provided the main promotor· - remotor swing of the limb. The 
arrangement is BO like that of limb V (Figs. 103 and 104) that 
further diagrams are unnecessary. Differences between the proximal 
parts of the rami of limbs V and VI are: a) the pivot axes of limb 
VI are more nearly vertical than those of limb V, providing less 
levation and depression but permitting easier promotion and remotion, 
and b) the retractor muscles working the ramus of limb VI (i.e. 
mostly podomere 4) were probably very large and powerful, and possibly 
extrinsic, in order to provide the powerful propulsive .stroke 
required in swimming. The large size of coxa VI is evidence for a 
large propulsive musculature. 
The distal joint of podomere V14 is a bicondylar 
hinge, as in limb V, and hence worked by flexor and extensor muscles 
(Fig. 112). Flexure would have aided in the remoter stroke in part, 
but more probably was most useful in the promoter stroke when the 
swimming blade was trailing to lessen drag (see later). At the end 
of the promotor stroke, the extensor muscle would have aided in 
straightening the limb prior to the next propulsive stroke. 
A swimming oar does not require great length (though 
moderate length is useful, see Robinson, 1975), so podomeres 5 and 6 
are not eloneated as in limb V. Podomere 6 shows perhaps the most 
remarkable adaptation of any Balto_eurypterus podomere , and also 
convergent features with the carpus of the Hacropipus swimming limb 
(Pl. 23, fig. 7 and Fig. 113). The adaptive stratagem in both cases 
151* 
is to provide a joint system which would enable the distal 
swimming blade to be rotated about the long axis of the limb. It 
is extremely difficult for an arthropod to produce a joint which 
would provide rotation of 180° about the long axis of the limb 
and such a joint would be difficult to control and not allow much 
manoeuvrability • . The closest approach to longitudinal, rotatory 
joints are the distal joints of the Nacropipus swimming limb carpus 
and the Baltoeurypterus podomere VI6. Both consist of a strong 
distal articulation.and a weaker proximal one, the articulation 
axis runs nearly parallel to the limb axis (Figs. 112 and 113). 
These joints provide rotation to the distal swimming blade. 
The proximal joints of the Ma.cropipus swimming limb 
carpus and the Baltoeurypterus podo~ere VI6 are pivots with one 
strong articulation (postero-superior in Baltoeurypterus). These 
pivot joints are arranged so that, during swimming, not only 
translation of the swimming blade occurs, but also some rotation. 
This is accomplished by the joint plane being oblique to the long 
axis of the limb. Figure 114 explains the principle involved 
diagrammatically. A limb OA, bearing a flat plate wxy~ at one end, 
is rotated through 90° about an axis OD which is at right angles to 
OA. The plate is thus moved to a new position, A', but remains in 
the same plane. Another plate lying at one end of the rotation 
axis OD, when moved through 90° (C to C') will rotate but not be 
moved. This is the ideal movement of an oar blade during rowing, 
the plate representing the oar blade on the end of the oar. Between 
these two extremes are intermediates which produce part rotation and 
part translation. Imagine that ON is the pivot axis of the 
Baltoeurypterus podomere VI5 - podomere VI6 joint, N being the 
postero-superior articulation, and that the flat plate at B 
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represents the distal podomeres of limb VI, the .line OB being a 
straight line from the infero-anterior connection of podomeres VI5 
and VI6 (0) to the tip of the limb (B). Rotation (B to B') around 
the axis ON produces translation and rotation of the plate. The 
translation of the swimming blade in Baltoeurypterus is 
advantageous in that it enables the blade to be folded back during 
promotion, and it thus presents less resistance to the water. The 
distal joint of podomere 6 provides the further rotation needed in 
order to turn the blade from vertical to horizontal on the limb 
axis. 
The pivot joint between podomeres 5 and 6 of limb VI 
of Baltoeurypterus would have been operated by levator and depressor 
muscles (Fig. 112). There I!la.Y have also been a small levator 
postero-superiorly to aid in holding podomere 6 steady during the 
remotor stroke. The podomere 6 podomere 7 joint was operated by a 
pair of "rotators" and, again, small muscles at the distal end of the 
joint would have aided in these movements. The joint between podomeres 
7 and 8 of limb VI was provided with protractor and retractor muscles 
to fold podomere 8 back during promotion to decrease water resistance, 
and to extend podomere 8 during the power stroke. The function of 
lobe 7a is now obvious. During the propulsive stroke, when podomere 
8 was extended, the presence of the flat lobe 7a increased the suxface 
area of the swimming blade to increase the water resistance for 
propulsion. 
The convergence in adaptive strategy between limb VI 
of Baltoeurypterus and the swimming limbs of extant arthropods (e.g. 
·portunid crabs, Warner, 1977) is striking. The oblique pivot between 
podomeres 5 and 6 of limb VI of Baltoeurypterus is paralleled by the 
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merus - carpus joint of Eacropipu.s (Fig. 113A and B). The rotatory 
joint between podomeres VI6 and VI7 of Baltoeurypterus parallels 
those between the carpus - propodus joints of Hacropipus (Fig. 113A 
and C) and Portunus (Kuhl, 1933) swimming limbs, and the femur -
tibia joint of Gyrinus (Fig. 115, and Nachtigall, 1962, 1974). Both 
portunid crabs (Hartnoll, 1971, and Fig. 112A) and Whirligig beetles 
(Figs. 115 and 116, and Nachtigall, 1962, 1974) have greatly flattened 
swimming paddles. Notice also the folding mechanism and expanded 
lobes on these limbs, which parallel those of Baltoeurypterus limb VI. 
In addition, the limbs of the portunid crabs are fringed with setae 
• 
which aid in swimming, whilst the limbs of Gyrinus (Fig. 115) have 
fringes of large, flat setal blades which can be folded back during 
the recovery stroke. Limb VI of Baltoeurypterus bore setae in life, 
but there is no evidence for dense setal fringes which would have aided 
in swimming. 
c) ROWING, STABILITY AND MAUOEUVRABILITY 
All the animals mentioned in this chapter swim by 
means of a rowing action. There is some debate regarding the peculiar 
backwards and sideways swimming of portunid crabs. Kuhl (1933) 
likened the action of the swimming limb to that of a propeller, 
although the limbs do not have hydrofoil sections which might be 
expected in an efficient propeller. Lochhead (1961) questioned 
Ki'.ilil's theory and most recently Spirito (1972) has compared the 
swimming of Callinectes to "sculling". 
Most aquatic insect imagines use rowing as a means 
of propulsion, as do ducks and otters. A different method of swimming 
is used by penguins, sea turtles, sea lions and was used by 
plesiosaurs, that of "underwater flying". The latter method requires 
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a limb with a hydrofoil section, and the swimming ("flying") foil 
is not normally placed at the end of a long limb. An excellent 
summary of the contrasting principles involved in rowing yersus 
subaqueous flying is provided by Robinson (1975) and will not be 
reproduced herein. It need only be pointed out that limb VI of 
· Baltoeurynterus is an oar, consisting of a longish shaft (podomere 
4) with a flattened (and not hydrofoil-shaped) blade distally. The 
folding mechanism is especially useful in rowing, and that of 
Baltoeurypterus parallels folding mechanisms in other aquatic 
arthropod swimming limbs~ It is quite probable that underwater 
flying (sensu stricto, not that used by flying insects emerging from 
subaqueous pupae) is a more efficient alternative to rowing only in 
large animals (the Humpback Whale, Hegaptera novaeangliae, uses 
hydrofoil-like flippers for slow swiillIIling and manoeuvring at faster 
speeds (Edel and Winn, 1978)), and this may be related to their 
higher Reynold's numbers • 
Figures 117 and 118 illustrate swimming sequences in 
Baltoeurypterus diagrammatically. Figure 117 can be compared to 
Figure 116 which shows swimming in Gyrinus from the same, posterior 
aspect. It is uncertain whether both limbs VI of Baltoeurypterus 
were used in the same, or opposite, phase. If in the same phase, 
better thrust would be produced during the propulsive stroke, but 
there would then be deceleration during recovery. An advantage in 
having swimming limbs moving in phase is that the tendency to yaw is 
reduced. The water bugs Corixa and Notonecta move their limbs in 
phase during swimming, and many arthropods which are not well adapted 
to swimming w~ll move their legs in phase when in water, for example 
mantids (Miller, 1972) and locusts (Kennedy, 1945) . Fast swimming 
water beetles such as Acilius (Nachtigall, 1960, 1974) and ]ysticus 
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(Hughes, 1958) move their metapodia approximately in phase, whereas 
those aqua tic .Coleoptera which require more manoeuvrability use 
their limbs in an alternate fashion, for example Gyrinus (Ifa.chtigall, 
1962, 1974) and Hydrophilus (Hughes, 1958). In the case of 
Hydrophilus, however, it could be, as Hughes (1958) pointed out, 
that as this animal is herbivorous, and does not require fast, 
efficient swimming, it has not changed to the in-phase swimming 
adaptation from its ancestral walking condition with legs moving in 
opposite phase. The phase differences in the portunid crab 
Callinectes sanidus have been analysed by Spirito (1972) and White 
and Spirito (1973). During swimming the fifth pereiopod (swimming 
limb) beats in a rhythm similar to that used in walking, but with 
modifications. 
It would appear that Baltoeurypterus was not very 
manoeuvrable. Gyrinus, which is a highly manoeuvrable swimmer, has 
an almost spherical body. Faster, less manoeuvrable, swimmers tend 
to be more elongate and have a streamlined shape. It would seem 
likely, therefore, that Baltoeurvnterus was a fast swimmer with low 
manoeuvrability, and little tendency to yaw as the swimming limbs 
moved in phase. Pitching and rolling were prevented by the slightly 
dorso-ventrally flattened body and by the tergal epimera. Braking 
could have occured by an upward tilt of the prosoma which would thus 
have presented a larger surface area of resistance to the water; 
epimera would also have aided in this, as in the water beetles 
(nachtigall, 1974). Steering could have been achieved by changes 
in the phase difference of the swimming limbs, but more likely 
limb V was used for this in a similar wanner to the mesopodia of 
Hydrophilus (Hughes, 1958). 
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It is possible that limb V beat together with limb 
VI during swimming in Bal toeuryptrn. Carina! setae may have been 
of some ·use in this. It is most probable, however, that asynchronous 
beats of limb V caused changes in direction when necessary, rather 
than aiding in the actual propulsion . The notion of a "balancing 
organ" (perhaps like the halteres of Diptera?), as suggested by Holm 
(p. 22) as the main function of limb V, is fairly unlikely: stability 
was good in Baltoeurypterus, and achieved by the means stated above. 
Swimming with the gill flaps, as suggested by St~rmer (1934), also 
seems unlikely, except that they may have helped in a launch off the 
substrate. 
d) SWIMMING IN OTHER CHELICERATA 
Perhaps the first Recent aquatic chelicerate which 
comes to mind is the Water Spider, Argyroneta. Although this spider 
lives totally submerged in water for most of its life, it is a poor 
swimmer with few aquatic adaptations (see Bristowe , 1958, for a 
popular account of the life of ArgyToneta). Many species of mite 
have become. adapted to life in water, both salt and fresh, but the 
most highly adapted are the water mites of the family Limnocharidae. 
Smith and Barr (1977) and Barr and Smith (1979) studied the swimming 
mechanism of Limnochares americana and found that it uses setae to 
provide the large surface area on the limb needed for propulsion, as 
in most of the aquatic beetles (but not Gyrinus) , and that it moves 
its limbs out of phase. The body of Limnochares is not streamlined, 
and perhaps for this reason little yawi::ig takes place during swimming, 
which is slow. 
Oar-like limbs are widespread amongst the Eurypterida 
and, despite possible differences in origin (St~rreer, 1974), they all 
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appear to have worked by similar joint mechanisms (i.e. in the way 
described herein, and not as suggested by St&rmer, 1936, in 
'Eurypterus'). Some of these flattened limbs, however, were only 
poorly adapted for swimming. Even the stylonurids, with their long, 
narrow limbs may have swum, possibly with the aid of setal fringes . 
A forthcoming publication on the mechanisms of stylonurid limbs by 
Dr. C. D. Waterston is eagerly awaited in this connection. The 
expanded telson of pterygotid eurypterida may have been used as a 
flipper - a swimming organ most commonly encountered in large 
animals. 
e) SUNNA.RY 
The mechanics of the swimming limb (VI) of 
Baltoeurypterus are described. A comparison with Recent swimming 
arthropods shows that the swimming paddles of eurypterids portunid 
crabs and Gyrinus are strikingly convergent in their swimming 
adaptations. The body shape of Baltoeurypterus suggests that it was 
a fast swimmer with generally low manoeuvrability. 
most probably accomplished with the eid of limb V. 
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Figure 112., Reconstruction of ramus of left limb VI, posterior aspect, 
shown as if transparent to indicate probable directions (arrows) of 
muscle bundles. Articulations shown by black circles, or open circles 
if anterior in position. Straight black lines show articulation axes. 
Figure 113. The left swimming limb (fifth pereiopod) of Macropipus 
depurator. 
A. Camera-lucida drawing of distal part of ramus (merus to dactyl) 
from superior (posterior) aspect, cf. Plate 23, figure 7. Articulations 
marked as in Figure 112, close podomere connection shown by a X, and 
articulation axes shown by straight black lines. 
B. Merus - carpus joint in lateral aspect and part of carpus - propodus 
joint in anterior (superior) aspect, cf. podomere 5 - podomere 6 
joint in Baitoeurypterus swimming limb 
C. Carpus - propodus joint in lateral aspect, showing "platform", 
cf. podomere 6 - podomere 7 joint of Baltoeury:-pterus swimming limb. 
Figure 112. 
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Figure 114:. Diagram to illustra
te methods of rotating and trans
lating 
a blade (e.g. wxyz) on the end of an oa
r (e.g. OA). A to A' (rotation 
through 90° about axis OD) produces tra
nslation of blade but no rotatio
n. 
C to C' shows rotation of blade 
through 90° about the oar axis O
D with 
no translation. Both of these 
are difficult for an arthropod t
o 
produce. B to B' shows rotation
 through 90° about the axis OD o
f an 
oar OB which gives some rotation
 and some translation. An arthr
opod 
limb withl" two such movements (two obliq
ue joints) can provide complete 
90° rotation and/or translation.
 See text for further explanat
ion. 
Figure 115. Rowing limbs of Gyrinus na
tator, the Whirligig beetle. 
Left: right metapodium. Right: 
right mesopodium. Top: limbs sp
read 
out during the power (remotor) stroke, 
posterior aspect. Centre: 
podomeres folded back during rec
overy (promotor) stroke, inferior 
aspect. Bottom: the same posit
ion during the recovery stroke, 
anterior 
aspect, to show small frontal a
rea. Dotted lines indicate area
s 
occupied by setal blades·. At th
e top left three setal blades ar
e 
depicted. Black areas on top di
agrams show cross sections of th
e 
podomeres at the positions indic
ated. Rot. fem., rotator femor
is; 
Ext. (Flex.) •tib., extensor (flexor) ti
biae; Flex. tars., flexor 
tarsi. (Fr~m Nachtigall, 1962). 
Figure 116. Stages in the strok
es of the right metapodium of G
yrinus 
natator, posterior aspect. Seq
uence runs from top left to botto
m 
right. Top row: recovery strok
e, podomeres and setal blades fo
lded 
back presenting small frontal ar
ea. Centre row: tibia and tarsu
s 
swing out at the anterior turnin
g point. Bottom row: power stro
ke, 
podomeres and setal blades fully
 spread out presenting large are
a 
to water. 1.25 msec between two
 adjacent diagrams. (From Nachtigall, 
1962). 
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Figures 117 and 118. Diagrams showing the rowing sequence in Baltoeurypterus . 
Propulsive remotor stroke on the animal's left side, recovery promotor 
stroke on the right. (Paired limbs would,in fact, have moved in phase, 
see text). Sequence runs from 1 to 8. Other limbs are omitted for 
clarity. 
Figure 117. Posterior aspect. 
Figure 118. Dor sal aspect, oniy anterior part of body shown . 
1. Start of propulsive stroke, podomeres extended, large area presented 
to water. 
2 to 4. Successive positions in propulsive stroke. 
5. Start of recovery stroke , podomeres folded back, small frontal area. 
6. to 8. Successive positions during recovery stroke. 8 shows paddle 
rotating in read i ness fo r nex t propulsive stroke. 
Figure 117. 
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Chapter 17. 
CONCLUSIONS 
a) MODE OF LIFE 
The evidence and discussion presented here point to 
the conclusion that Baltoeurypterus was an active, swimming, 
predatory member of the vagile benthos (Fig. 119) in the warm, shallow 
sea in which it lived. Judging from its size and the relative 
abundance of the fossils, Baltoeurypterus was not a top carnivore; · 
that description is more fitting for the pterygotid eurypterids. 
Perhaps a Recent analogue in an ecological sense would be a portu..11.id 
crab such as Macropipus. There are, of course, many other swimming, 
predatory, benthonic animals, notably fish, which it could also be 
claimed are presently occupying the Baltoeurypterus niche. The 
pterygotid niche might today be occupied by sharks and dogfish. 
Some eurypterids are notable for their bizarre 
adaptations and large size. Baltoeuryoterus is not one of these, and 
was therefore supposed to have been generalised in its habits and 
probably sluggish. This could not have been so. Limb VI is a 
remarkable organ which was developed precisely for swimming. Limulus 
is able to swim well without a specialised swimming limb. 
Baltoeurypterus, with a highly adapted paddle, was probably an 
excellent swimmer. 
b) EVOLUTIONARY TRElrns AND TAXONOMIC RELATIONS 
The view that the Arthropoda is a polyphyletic group 
consisting of at least three subgroups (Unirarnia, Crustacea, 
Chelicerata), which do not share a common ancestor which can itself 
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be called an arthropod, ia one which ia gaining widespread, if not 
unreserved (e.g. Patterson, 1978) , acceptance. Although the idea 
ia not a new one, it has been quite conclusively shown over the 
last few decades, by Manton in particular, that the major groups of 
arthropods possess limb and other mechanisms which are fundamentally 
different in design (see Manton, 1973a, 1977; Manton and Anderson, 
1979; and Schram, 1978; for reviews , although the last of these 
presented his own taxonomy). It also appears that convergent evolution 
has occured within the major arthropod groups. Within the 
Chelicerata, for example, it has recently been shown that the mites 
(Acari), previously considered to form one (albeit heterogeneou$) 
grouping, can be split into two groups, the Actinotrichida and 
Anactinotrichida, the origins of which must have been separate: 
within both groups a gnathosoma and other convergent adaptations have 
developed (van der Hammen, 1972). 
There are ntl!!lerous classifications of the Chelicerata. 
Perhaps the best lrnown are those of Petrunk:evitch (1955) and Savory 
(1964, 1971). Unfortunately, these and other classifications (e.g. 
Bristowe, 1958) suffered from erroneous ideas on evolutionary trends. 
Many of the so-called ·macro-evolut.ionary trends were really 
adaptations to land life , an event which happened numerous times in 
the Arachnida. More recent attempts at classification fall into two 
groups. Those which ut i lise the philosophy of Hennig (1966) , such as 
Kraus (1976) and Grasshoff (1978) , encounter difficulty because the 
major divisions had occured early in the phylogenetic history of the 
Chelicerata, and so too much weight is placed on adaptive characters. 
The other attempts, such as van der Hammen (1977b) and Yoshiblra 
(1 975 ), have used a broadly bas ed comparative appr oach, and van der 
Hammen in particular stressed the importance of recognising 
terrestrial adaptations. The scheme proposed by van der Hammen 
(1977b, Table 3) is favoured herein, with the provisions that 
a) the Pycnogonida should probably be included in the Chelicerata 
(Manton, 1978), and b) so l:i.. ttle is at present lmol'm a.bout the 
extinct orders (the Ha.ptopoda and Anthracomarti in particular) 
that their positions remain unclear. 
In viewing the evolution of the major groups of 
Chelicerata. from the standpoint of the Recent Arachnida, certain 
trends appear to dominate. Savory (1971, p. 4) listed the main 
trends as he saw them in the Arachnida, and provided a reconstruction . 
(Fig. 1 and 2) of a supposed "archa.earachnid". This animal looks 
to be a specialised terrestrial arthropod and bears no resemblance 
to the hypothetical ancestors suggested by other chelicerate 
workers (e.g. Bristowe, 1958, Fig. 24). The present study enables 
some comments to be made regarding a few of the evolutionary trends 
suggested by Savory (1971), van der Ha.rnnen (1977a) and others. 
Savory (1971) and Petrunkevitch (e.g. 1955) envisaged 
the mouth as having moved from an anterior position to a more 
ventral one. "No doubt the primitive method of ingesting food was 
to hold the captured insect against the labium while the "sucking 
stomach" drew in the available fluid. The technique would be 
improved if the coxa.e of the nearby pedipalpi squeezed the body of 
the victim, and the squeezing would be more effective if outgrowths 
from the coxae were directed towards the centre. These are the 
so-called maxillae of many ara.chnids. A further step is taken when 
similar processes from the first legs add their contribution, and 
another when the second legs follow the example of the first." 
(Savory, 1971, p. 11). It will be remembered from Chapter 14, that 
the trend envisaged by r1a.nton (1973a, 1977) and further developed 
in Chapter 14, was the exact opposite of Savory's idea. That is, 
that in early aquatic arthropods the mouth was ventral in position, 
and posteriorly directed, but for large food feeding and terrestrial 
predation the mouth needed to be more anterior in position. These 
are, of course, adaptations to specific feeding methods and no 
direct trend line from, say, a trilobite-like arthropod through 
merostomes to arachnids is envisaged. Savory'a "archaearachnid" 
however, appears to be unsuited to aquatic life and its characters 
are far reraoved from those envisaged for an early chelicerate or 
arachnid by Manton (1977), Bristowe (1958) and herein. 
It is possible that Savory and Petrunkevitch are 
correct and that the anterior mouth in most Recent arachnids is a 
primitive feature, in which case the ancestors of the arachnids would . 
have had no need for limbs with gnathobases, relying solely on 
chelicerae for food capture and mastication, as in Savory's 
"archaearachnidn. This would widen the gap between the arachnids · 
and merostomes considerably, and either a) the merostomes developed 
the gnathobasic feeding method very rapidly near the start of the 
Pb.anerozoic, a feeding device not utilised by the arachnids until 
they had moved onto land, orb) the Arachnida and Nerostomata a:::e 
unrelated. Neither of the above seems plausible. 
A related trend which was also suggested in Chapter 14, 
is that the coxae, originally mobile and used in feeding, became fixed 
in the arachnids, the limb ramus articulating with the coxa at a 
lateral position on the body. Again this contradicts Savory (1971) 
who saw the ancestral arachnid with laterally placed limb bases and 
no free coxae in the sternal region. Van der Hammen (1977a) envisagec 
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an ancestral arachnid without coxae, these developing from the 
coxo-sternal region, becoming mobile and then secondarily immobile 
in most-Recent arachnids. 
The limbs of early chelicerates probably bore 
gnathobases on the coxae which were used in feeding, and some of 
the limbs were biramous (a functional arthropod with all limbs 
exactly similar is hard to envisage). The xiphosurans have 
developed a mode of life .involving ploughing through the sediment. 
They have thus developed a strong promotor - remotor swing at the 
· coxa - body joint, a broad, enveloping carapace, fused opisthosomal 
tergites and a styliform telson. The trend in arachnids (although 
they are a diverse group, convergence due to terrestrial habits is 
strong) has been to immobilise the coxae, and fuse them together in 
some cases. Coupled with this trend are the radial coxal arrangement, 
which ancestrally would have aided in food :mastication, and the 
lateral positioning of the promoter - remotor swing axis of the limb 
ramus. These arachnid trends, together with the anterior migration 
of the mouth, development of pedipalps or sensory limbs and other 
features, are adaptations to life on land. 
The eurypterids stand roughly halfway between in 
arachnid and xiphosuran modifications. The ventrally directed mouth 
is primitive but very useful to an aquatic animal. Some eurypterids, 
for example Hixopterus, show torsion of the anterior food gathering 
limbs for anterior prey capture. The mobile coxae with gnathobases 
were retained in the aquatic eurypterids in which no pre-oral cavity 
or suctorial pharynx were required, as these modifications seem to be 
in terrestrial ·arachnids. As the eurypterids were not burrowing 
animals, but active. in swimming or running, they benefited from a 
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radial coxal arrangement and a lateral positioning of the coxa -
ramus promotor - remoter swing axis. 
Many features separate the merostomes from the 
arachnids (the possession of compound eyes by the former may be one 
of them) but it can be shotm that many arachnid features are 
associated with their terrestrial mode of life. Similarly, many 
of the striking features of the xiphosurans are related to their 
habit of ploughing through the sediment in search of food, a habit 
not shared by the eurypterids. It is easy to find differences 
between animals, especially when they are adapted to difforent 
habitats and modes of life. The phylogeny of Chelicerata seems to 
be based to a great extent on characters which are strongly adaptive 
to the modes of life of the animals. This cannot be avoided easily, 
but to separate the arachnids from the merostomes on the basis that 
one group is primarily aquatic and the other primarily terrestrial 
is unjustifiable. Are scorpions more closely related to ticks or 
eurypterids? The answers to these sorts of questions will not come 
without a great deal more comparative functional morphological work 
on the Chelicerata. 
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Figure 119. · Artistic reconstruction of Baltoeurypterus as it might 
have appeared in its natural habitat during the Silurian. 
a Baltoeurypterus swimming 
b Baltoeurypterus eating a crustacean 
c moul t _ed carapace and tergi te of Bal toeurypterus 
d agnathans 
e ?conodont animal (representing soft-bodied fauna) 
f 1 'Platychisma' helicites 
g Bunodes lunula 
h stromatoporoid 
i ostracode 
j bryozoans, and algae (representing non-preserved flora) 
numerous trails and sedimentary structures are also shown . 
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APPENDIX 
List of specimens referred to, see Chapter 2 for 
details of localities (right column), mounting medium (centre 
column) and specimen numbers (left column). 
Ar 34713 balsam Gotland 
Ar 35251 rock Saaremaa 
Ar 35307/9 n 
" 
Ar 35330 balsam 
" 
Ar 35341 n n 
Ar 35344 " " 
Ar 35365-70 rock 
" 
Ar 35637 n tt 
Ar 35669 n n 
Ar 47279 balsam n 
Ar 47578 n " 
Ar 49913 " Gotland 
Ar 49916 __ dry n 
Ar 49919 balsam " 
Ar 49920 " n 
Ar 49924 n n 
Ar 49925 dry n 
Ar 49926 n " 
Ar 49927 n It 
Ar 49928 n n 
Ar 49929 n " 
Ar 49930 " " 
Ar 49931 n n 
Ar 49934 n " 
Ar 49935 " " 
Ar 49936 " " 
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Ar 49937 dry Gotland 
Ar 49939 n II 
Ar 49940 II II 
Ar 49941 n 
" 
Ar 49943 n " 
Ar 49944 II II 
Ar 49945 II II 
Ar 49946 II II 
Ar 49947 n 
" 
Ar 49948 
" " 
Ar 49949 n " 
Ar 49950 n II 
Ar 49951 n " 
Ar 49952 n n 
Ar 49955 balsam Saarernaa 
Ar 49956 n n 
Ar 49960 n n 
Ar 49961 dry n 
Ar 49967 n " 
Ar 49970 balsam II 
Ar 49974 " n 
Ar 49978 " " 
Ar 49979 dry n 
Ar 49980 n n 
Ar 49999 balsam II 
Ar 50001 dry 
" 
Ar 50004 balsam " 
Ar 50011 II 
" 
Ar 50013 dry II 
Ar 50020 balsam II 
Ar 50021 dry n 
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Ar 50022 dry Saaremaa 
Ar 50023 II It 
Ar 50024 balsam It 
Ar 50027 " n 
Ar 50028 dry II 
Ar 50029 II n 
Ar 50031 balsam 
" 
Ar 50037 II II 
Ar 50040 dry n 
Ar 50042 balsam ,, 
Ar 50043 dry 
" 
Ar 50045 " II 
Ar 50046 11 
" 
Ar 50047 " II 
Ar 50048 n 
" 
Ar 50049 n 
" 
Ar 50051 balsam n 
. Ar 50052 n II 
Ar 50053 n n 
Ar 50056 dry " 
Ar 50057 II II 
Ar 50061 balsam II 
Ar 50062 II II 
Ar 50070 It ll 
Ar 50072 II n 
Ar 50074 dry II 
Ar 50078 II n 
Ar 50079 balsam It 
Ar 50081 dry tl 
Ar 50087 balsam " 
Ar 50097 " II 
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Ar 50098 balsam Saaremaa 
Ar 50106 II 
" 
Ar 50108 n II 
Ar 50113 n II 
Ar 50114 II tt 
Ar 50120 II II 
Ar 50123 II II 
Ar 50129 II 
" 
Ar 50132 .. 
" 
Ar 50137 n 
" 
Ar 50138 " II 
Ar 50140 n II 
Ar 50144 II tt 
Ar 50146 
" 
n 
Ar 50150 II 
" 
Ar 50158 n 
" 
Ar 50159 n ff 
Ar 50163 n n 
Ar 50166 dry 
" 
Ar 50169 n n 
Ar 50171 n 
" 
Ar 50172 " " 
Ar 50176 n n 
Ar 50177a + o II 
" 
Ar 50179a - e " n 
Ar 50180 balsam II 
Ar 50183 dry . Gotland? 
13406/1 balsam Saaremaa 
r3406/2 dry 
" 
r3406/6 balsam 
" 
13406/9 dry n 
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13406/10 dry Saaremaa 
13406/11 II 
" 
13406/12 balsam 
" 
13406/13 
" " 
13406/14 " II 
13406/15 n 
" 
13406/17 n n 
13406/18 dry n 
13406/19 balsam 
" 
13406/20 dry II 
13406/21 balsam 
" 
13406/24 
" 
t1 
\ 
13406/25 n u 
13406/28 dry n 
13406/31 II 
" 
ExE9/20 balsam 
" 
ExE9/45 n n 
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FIGURE ABBREVIATIONS AND SHADING 
a 
ar 
C 
ea 
car 
cav 
eh 
cl 
CU 
d 
dep 
di 
anterior, antero-
articulation(s) 
coxa(e)(l) 
carina(e)(l) 
carapace 
cavity 
chelicera (e) 
closer muscle(s) 
cuticle 
dorsal 
depressor muscle(s) 
distal 
do doublure 
en endite(s) 
end endosternite 
ex extensor muscle(s) 
f fixed 
fl flexor muscle(s) 
gn gnathobase, gnathobasic 
H hinge joint(s) 
i inferior, infero-
int 
1 
lab 
lap 
lev 
lin 
lt 
lun 
interior 
lateral 
labrum 
lappet 
levator muscle(s) 
lintel(s) 
left 
lunule(s) 
m movable 
ma marginal 
me . membrane(s) 
med median 
muc mucro(nes) 
muft multifolliculated tubercle(s) 
o oral 
op opener muscle(s) 
P pivot joint(s) 
p posterior, postero-
pl 
pr 
plate 
proximal 
ps prosomal 
ptr protractor muscle(s) 
rt right 
rtr retractor muscle(s) 
s superior, supero-
scap scaphoid process 
sp spine 
t tendon 
v ventral 
I to VI limb numbers 
1 to 9 podomere numbers 
.,,---,' outline of externally visible parts 
~ parts showing through from behind 
=:?-\':':: arthrodial membrane (exterior) 
: .·.-.· .· arthrodial membrane (interior) 
interior parts (except membrane) 
